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ORIGIN AND DESCRIPTION

The ^igin of the soybean is lost in antiquity. Ancient Chinese litera-
ture, however, reveals that it was extensively cultivated and highly
valued as a food as far back as written records were kept. 'Hie oldest
recorded evidence of soybean existence is found in a description of the

plants of China written by the Chinese emperor, Sheng Nurig, in 2838 B.C.

Soybeans are mentioned repeatedly in later Chinese records. These

records which deal with methods of culture, varieties for different
purposes, and numerous uses, indicate that the soybean w?s perhaps one

of the oldest crops grown by man. For a long time soybeans have been
considered the most important legume in China and one of the five sacred
grains essential to the existence of Chinese civilization.

The produci;ion of soybeans was tried in England, France, Germany, and

Hungary in the seventeenth century but their culture did not become com-

mercially established in European agriculture until within recent years.

They were first mentioned in American literature in 1304 when James Mease
urged their culture in Pennsylvania. In 1889 several varieties were
brought to this country from Japan by the Massachusetts Agricultural Ex-

periment Station, but not until 1898 did the U. 3. Department of *gricultur
begin introducing soybeans from foreign sources for production in the
United States. Prior to 1893 there h'^d been only eight varieties of soy-
beans in this country. By 1907 there wore 23 varieties described as known
in the United States ; by 1913, the number h^d increased to 427; and by
1925, to 1133. In all, more than 10,000 introductions have been made by
the Department from China, Manchuria, Japan, Korea, Java, Sumatra, and
India.; representing over 2,500 distinct types.

Though introduced and grown largely at first as a forage crop, the culti-
vation of soybeans as a commercial seed crop soon became of primary
importance. The expansion, since 1925, in soybean seed production, pro-
cessing, and utilization ha s been one of the most phenomenal developments
of American agriculture. This crop now appears firmly established, and
the oil produced from soybeans has come tc fill an important place in
the domestic vegetable oil supply and economy.

The soybean fSoja max (L) Piper) is a summer leguminous annual. The stem
is rather woody and may range from one to six feet in height but is

usually 2 to 3-1/2 feet tall with five or six main branches upon which
are borne the leaves and clusters of seed pods. The p<ids generally are
1 to 2-1/2 inches long and contain from one to four seeds which vary in
size and color with the variety. The seeds, if unicolored, may be straw
yellow, olive yellow,, green, brown, or bla.ck, when mature. Bicol«red
seeds occur in some varieties, the most common combinations being green



or yellow with "saddles" of black or brown., some varieties have a brindled
brown ar.d black pattern. The stems, leaves, and seed pods are covered
with short, reddish brown or gray hairs .

From the large number of varieties introduced into the United States, wide
differences have been encountered in size, shape, color, composition,
quality of seed, length of time required to reach maturity, and adapta-
tion to soil and climatic conditions. Selection from this large coll.ctio
has resulted in more than 100 named varieties being now available for

production in the United States. Others are under further test by the

U. S. Department of Agriculture and several of the state agricultural
experiment stations.

Soybeans are grown both for forage rind seed production. Of those suited
for seed, only a few are especially adapted for use as human food, by far
the greater proportion of seed production being for processing into oil

and meal.' Yellow-seeded varieties are the type preferred for seed produc-
tion, but they may also be used for forage purposes if heavier rates of

seeding are used. Black- or brown-seeded varieties are generally used
for forage and are for the most part smaller-seeded, finer-stemmed, and

more leafy; and they contain lower percentages of oil than the yellow-
seeded varieties. Generally, straw-yellow or olive-green seeded varieties
are the most suitable for eating purposes either as dry or as green beans.
They cook easily and have a mild and nutty flavor. As this report is

chiefly concerned with the industrial utilization of soybeans, emphasis-
will be given therein to varieties recommended for seed production for

such purpos es

.

In the United States the following varieties, classified according to use

and length of crowing season, have been recommended by the agronomy
specia lis ts ,}_/ of the Bureau of Plant Industry Soils, and Agricultural
Engineering, U. S. Department of Agriculture for production

j

For industrial uses:

Very early (100 days or less);

Manchukota, Mandarin., Minsoy.

Early (101 to 110 days);
Dunfield, Earlyana, Elton, Habaro,
Illini, Lincoln, Manchu, Mandell,

I lingo, Mukden, Ontario, Richland,

fieneca, Viking.

Medium early (111 to 120 days);
Chief, Harbinsoy, Mansoy, Patoka, Scioto.

1/ Soyb cans G^l^uKe'and - vlirletres » . By W. J. Horse and J. L. Cartter.
T T. S. Department of

, ^gricul^ur-e, Farmers' Bull. l
r>20, November, 1939.
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Medium (121 to 130 days);

Boone, Gibson, Macoupin.

Medium late (131 to 140 days):

£rksoy, Easycook, Haberlandt, Herman,

Hollybrook, Magnolia, Morse, Ogden,

Ralsoy, Tokyo.

Late (141 to 160 days):

Clemson, Hayseed, Mamloxi, Mammoth
Yellow, Manredo, Missoy, Volstate,

7foods Yellow.

Very late (161 or more days):

Charlee, Creole, Delnoshat.

For forage ourooses:

Very early (100 days or less);

Cayuga, Ogemaw, Soysota, Wisconsin
Black.

Early (101 to 110 days);

A . K . , Blfi ck Eyebrow

.

Medium early (111 to 120 days);
rlarbinsoy, II soy.

Medium (121 to 130 days).
Ebony, Kingwa, Horredo, Peking,
Virginia, Y'ilson, Wilson-Five

.

Medium late (131 to 140 days):
Laredo, Mammoth Brown, Tarheel Black.

Late (141 to 160 dr>ys) s

Clemson, Hayseed, Missoy.

Very late (161 or more days);
Avoyelles, Biloxi, Charlee, Creole, Georgian,
Monetta, Otootan, palmetto, 'Yelredo.

For food purposes

;

very early (100 days or less)
Green vegetable - /'gate,

Hidatsa, Sac. Dry edible
Sioux, Giant Green
- Giant Green "idatsa, Sac.
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Early (101 to 110 days);
Green vegetable - Bansei, Chusei, Ejtum

Kanro, Kan urn

Dry edible - Bansei, Chusei, Goku, Xanrc,
Kanum.

Medium early (111 to 120 diys)}
Green vegetable - Enpercr, Hakote, Hokkaido,
Jogun, Kura, Cousei, ¥fiHomij, wolverine.
Dry edible - Emperor, Hokkaido, Jogun, Sousei,
Wi 1 1 omi , Wp 1 ver in e

.

Medium (l^K.to 130 days)?
Green vegetable - Funk Delicious, Hahto,
Imperial

.

Dry edible - Funk Delicious, Hahto, Imperial.

Medium late (131 to 140 days); '

Green vegetable - JVoda', Hi gar, Rokusun
Dry edible - Basycook, Hi gun, Rckusun
Tokyo

.

Late (141 to 160 days);
Green vegetable - Delsoy, Jackson, Jefferson,
Fanda
Dry edible - Delsoy, Jefferson, ITanda

.

Very late (161 or more days);
Green vegetable - Cherokee, Seminole
Dry edible - Seminole

STRUCTuRS

The soybean seed Is made up of the seed coat and the embryo. The seed
coat or hull is that part of the seed which encloses the embryo and is

relatively thick and hard , The embryo consists of the seed leaves
(cotyledons), the root (radicle), the short (plumule), and the Dart of the
embryo (hypocotyl) between the attachment of the cotyledons and the upper
end of the rudimentary root. The seed has little or no endosnerm; the

latter being absorbed by the developing embryo before the seed is fully
developed.

The average soybean seed consists of approximately 8 percent seed coat
and 92 percent embryo, the latter being S7.8 percent cotyledons and 2.2

percent other embryonic organs, Table 1 shows the proportion and
composition of the various ports of the soybean seed.
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1

Table 1. - Proportion and composition of the component parts of soybean

seed

'Proportion
of seed

:,'Nx3.2 5) {

hydrateS
• T?n +
I r \j A <5 Vi

!
jri »j i l

i

• Percent Percent Percent Percent Percent Percent

Seed coat 8 12.53 7.00 21.02 0.60 3.83

Embryo

•

: f.O .
••• 1 .60 2

.

Cotyledons 90 10.57 41.33 14.60 20.75 4.38
Other organs >, 2 12.01 36.93 17.32 10.45 4.03

Source: Data from "The composition and characteristics of soybeans,
soybean flour, and soybean bread" by L. H. Bailey, et al

.

Cereal Chem. Vol. 12, ffp. 5. Sept. 193 5.

Soybean seeds range in weight from 0.75 gm. per 100 seeds for certain
small-seeded wild types to 35.0 .gm. per 100 seeds for certain large-
seeded edible types. Common commercial types for industrial use average
from about 13.0 to 16.0 gm. per 100 seeds. Among the later, industry has

no particular preference for either the lprge- or small-seeded varieties.
Farmers, however, prefer small-er^ seeded varieties because they emerge
through a crusted soil surface with less difficulty and because the
larger number of seeds per bushel permits a lower seeding rate.

In shape, soybeans may be flat, oval, or round, according to variety.
Shape, however, is not important in its effect upon industrial processing
or other uses

.

CHEMICAL COMPOSITION

From the standpoint of industrial processing, the principal interest in
the composition of soybean seed is in the content and quality character-
istics of its protein and oil constituents.

There are voluminous datn in the literature concerning the chemical compo-
sition of soybeans and also of the effect of variety, environment, soil
fertility, etc., on the characteristics and relative proportions of their
various chemical constituents, but only enough of these data will be
summarized and presented in this report to give a general picture.
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The chemical composition of soybean seed as influenced by variety,
environment, and soil fertility level was given detailed analysis by
Cartter and Hopper.^/ Summarily, they found that varieties and strains
of soybeans inherit qualitative and quantitative composition tendencies,
but that environment and soil fertility level also have an imoortant in-

fluence thereon. As regards specific constituents or characteristics
they report as follows:

In general, the oil content of the soybean seed is most 'Specifically a

varietal characteristic, and the iodine number of the oil is about
equally influenced by variety and climate under the conditions observed
in their investigations. The percentages of oil and total sugars usually
vary in the same direction and inversely with the percentages of orotein.
T
T o large variations were observed in the percentages of crude fiber in

the seed and unsanonifiable matter in the oil, but there was observed
some variation in these constituents due to variation in seed size and
ratio of seed coat to cotyledon. Temperature levels significantly in-
fluenced the calcium content of the seed produced by a given variety.
Invariably, high calcium content resulted when the soybeans were grown
at high temperatures. Total ash, phosphorous, and potassium content of

the seed appeared to be influenced mere by soil type and fertility than
by variety oV variations in climate.

Data summarized in table 2 show the chemical composition of 10 varieties
and strains of soybeans, studied by Cartter and Hopper, and the range in

content of various constituents of soybeans grown at five locations during
the five-year period, 1936-40.

Table 3 contains results of hundreds of analyses by the U. S. Department
of /griculture, reported by L. H. Bailey et al, on the chemical compo-
sitions of many varieties of soybeans grown under divers environments.

Protein

Protein makes up a larger percentage of the soybean than any other of its

constituents. Moreover, it has many uses; as human food, livestock feed,

and as an industrial raw material. Soybean protein also contains many of

the biologically essential amino acids which contribute to its value both
in human nutrition and as a protein concentrate in feeding livestock.

2/ Cartter, J. L. and Hopper, T. H. Influence of variety, environment,

and fertility level on the chemical composition of soybean seed

.

IT . S. Dept. Agr. Tech. Bui. 737 (1942)
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The commonest form in which soybean protein is available on the market is

oil meal, but it is also the main constituent of soy flour and other
edible soybean products, and it is marketed in a purified form for

various industrial uses.

Wide variations in the protein content of soybeans occur as the result
of differences in variety, environment, and soil fertility, and the
protein content of soybean oil meal is directly related to the protein
content of the soybeans used in processing. However, because the great
bulk of the soybeans processed for oil in this country consists of only
a few varieties grown principally in a relatively small area, the nrocessor
normally finds that the oil meal he produces does not vary a great deal
in protein content from one lot of beans to another.
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Table 2. - The average percentage of protein, oil,, total sugar, crude
fiber, and total ash, and iodine number of seed of 10
varieties and strains of soybeans grown at five locations^
during the five-year period 1936-40

Mcisture-free basis
Protein \ \ \ Total ] Crude : Total 5

I°dine

QM x 6,25) ;

011
; sugar, 2/ ; fiber

,

5/'* _a sh ^
unber

Variety or

strain

Mandarin

Mukden

Dunfield, A

Dunfield, E

Illini

Manchu

Scioto

T-117

Peking

Boone

Percent

46,42

45.76

41 .33

41.42

42.59

44.06

42.47

41.86

40.53

42.13

Percent percent

13.16 6.76

19.26 6.83

20.97 8,24

20.91 8.40-

'

19.99 8.83

19.40 7.73

20.29 8.22

20.37 3.61

17.07 7.50

19.91 8.58

Percent

5.39

5.33

5.34

5.45

5.26

5.42

5.23

5.51

6.48

5.30

Per c ent Pure en t

5„37 127.6

5.00 124.6

4.65 124,9

4.61 124.4

4.31 130.5

5.12 130.2

5.17 133.0

5.02 123.9

5.21 137.7

4.97 129.3

l/ - Grown at Ames, Iowa j
Columbia, Missouri; Urbana, Illinois; LaFayette,

Indiana; and Columbus, Ohio.

2/ - Calculated as sucrose.

3/ - Avarage of only 4 years, 1936-39.

Source: Influence of variety, environment, and fertility level on the

chemical composition of soybean seed. By J. L. Cartter and

T. P. Popper. U. S. Dept. Pgr. Tech. Bui. 737. May 1942.
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Table 3. - Minimum, maximum, and average chemical composition of soybeans

flonsti tuent Minimum Maximum Average

Percent Percent Percent

Moisture : 5.02 9.42 8.0

Ash ! 3.30 6.35 4.6'

Fat : 13.50 24.20 18.0

Fiber i 2.84 6,27 3.5

Protein (if x 6.25) 29,60 50v30'~'< 40 X)

Pentosans j: 3.77 5.45 4.4

Sugars ! 5.65 9.46 7.0

Starch-like substances
by diastase < 4.65 3.97 5.6

r 2 u 5 1 . 50 2.18 1 .

7

2.01 2 .64 2.3

CaO ! ,49 .63 .5

MgO : .46 ,55 • 5 M \

These data include many varieties grown under divers environments .

Sources Soybeans, soybean flour, and soybean bread, ^y L . H« Bailey,
et el. Cereal Chem. Vol. 12, TTo. 5. Sept. 1935.



Oil

The oil content ' (moisture-free basis) of soybeans may range from approx-
imately 13.5 to 24 percent of the total weight of the seed. Leading
commercial varieties usually contain from about 18 to 21 percent oil.

Nearly 99 percent of the oil is found in the cotyledons; the remainder
is in other parts of the embryo and the seed cost (see table 1), Soy-
bean oil consists of the glycerides of saturated and unsaturated fatty
acids and a number cf ether lipid materials. These latter include the
phosphatides, sterols, long chain Hydrocarbons., alcohols, ketones,
free fatty acids, pigments, vitamins, antioxidants, and small amounts
of nonlipid gummy or mucilaginous substances. The approximate fatty
acid composition, corresponding to an iodine value of 130, is : 14.6

percent saturated, 25.3 percent oleic, 55.0 percent linoleic, and 5.1

percent linolenic acids. Table 4 shows the fatty acid composition of

various soybean oils. The type and amount of the various lipids which
may be present in the oil are influenced both by the variety of seed
and the environment during growth.

Because of the many factors which nay affect the occurrence of and
composition of oil within the soybean, it is not surprising that consider-
able variation is met with in the oil content of soybeans and in the

.

characteristics of the oil. However, although the oil from a particular
lot of soybeans may differ considerably in quantity and quality from,

another, commercial soybean oils are much more uniform owing to the prac-
tice of mixing of different lots of seed, or of different batches of

oil during processing. Also the numerous refining operations tend to

eliminate much of the secondary materials, especially gums, phosphatides,
free fatty acids, unsaponifiable matter, and pigments.

There are many evaluations of certain physical and chemical character-
istics or properties which may be applied to soybean oil in order to

determine its quality, freedom from associated impurities or added
adulterants, adaptability to various processes or uses, and for other
purposes. Some of these tests are important only for highly specialized
applications or processes, whereas others apply to properties which must
always be known and so have been made the basis of trading rules for
buying and selling soybean oil. Most crude soybean oil is bought and
sold in accordance with trading rul~t established by the National Soybean
Processors Association, an organization representing the largest part of

the soybean crushing industry. There are two sets of these rules, one

applying to crude oil for edible purposes and one to crude soybean oil for
technical uses.

Crude soybean oil for edible purposes;

The trading rules applying to crude soybean oil for edible use have
recently been modified considerably, and because of war-time developments
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in the food supply situation, they are quite subject to change. In
their present form, they provide discounts and premiums based on the
amount of green color in the crude oil, the bleach color of the oil
when refined, and amount of sludge -which settles to the bottom of the
tank car in transit. Pt times, discounts have been apolied on the basis
of refining loss.

Refining loss is the percentage of oil not recoverable ps such from a

laboratory refining of the crude oil. carried out in a rigidly specified
manner approximately assimilating plant practice,. It is indicative of

the amount of material that the refiner must discard as lower-priced
soap stock and bears a rough relation to the content of free acius

;

phosphatides, and similar materials. in the oil. At present, refining
loss is not a discount factor in soybean oil marketing, but attempts are
being made to adopt trading rules which provide for premiums cr dis-
counts for high or low refining loss at the rate of three-fourths per-
cent of the purchase price for each one percent of loss, the ba^is
being some value yet to be agreed uoon in the neighborhood of 6 percent.

Green color of the crude oil is an important factor in the grading of

oils obtained from so-called green-damaged soybeans, in which exceptional
climatic or other conditions h^ve arrested development of the seeds prior
to their attaining full maturity. These oils are often a brilliant green
instead of yellow, and the removal of the green color involves an unusually
drastic bleaching treatment, with consequent additional exoense to the

refiner. The degree of green coloration is determined by matching the

oil against specified solutions of nickel sulfate, and disccunts are
applied in accordance with whichever of three grades, Ties . 1, 2, and 3,

into which the oil is classified.

The importance of color in a finished product, in edible oil technology,
arises from the necessity for ^reducing nearly snow-white shortenings and
similar products in order to meet corsumer preference. Resides the green
color in the oil, caused by arrested maturity of the soybeans, another
type of color is taken into account by the trading rules, namely, the

Lovibond red color after application of standard laboratory refining and

bleaching tests. A high red refined bleach color is difficult, and some-
times impossible, to remove without resorting to drastic bleaching treat-
ments which are expensive and which often impair the keeping quality of

the oil. Indeed, a high red color in refined, and bleached oil is vastly
more deleterious to the quality of the finished products than is the

green color imparted to crude oils because of frost damage,, There are

many causes of red color in refined and bleached oil, but the most
important is so-called "field damage" to the soybeans from which the oil

is obtained. Field damage occurs when the beans are not harvested promptly
after reaching maturity and is the result of bacterial and other forms of

decomposition while the beans are exposed to extended periods of wet
weather. Similar damage is often caused by improper soybean storage
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conditions. Pt the present time, discounts are specified in the oil

trading rules for various degrees of red color in refined and bleached

soybean oil which is destined for consumption in edible products.

'Alien a tank car of crude soybean oil arrives at the refinery, there is

ordinarily a deposit of sludge in the bottom. This is caused by the
precipitation of phosphatides and other impurities, along with a certain
amount of oil which is physically entrained. In many soybean mills,
various treatments are employed for removing sludge-forming contaminants
before the oil is shipped, for a penalty is assessed by the buyer for

sludge content of greater than 150 oounds per tank car.

Crude soybean oil for technical purposes*

Prior to approximately 1930, most soybean oil was used in paints, varnishes,
and similar industrial products. Standard specifications for the oil were
consequently applied, based upon characteristics which are important to

the paint and varnish industry. With the subsequent shift of soybean oil

consumption into food channels, these specifications have become less
important, exceot in special cases in which it is stipulated that the
oil is destined for technical uses. The National Soybean Processors'
/ssociation present standards are outlined in Table 5.

Iodine number, as a measure of the degree of unsaturation of soybean
oil, is of especial importance in evaluating oil for various uses. The

percentages of linoleic and linolenic acids in the oil increase with
increasing iodine number. As these are the film-forming constituents
of the oil, soybean oil of a maximum iodine number is preferred by the
drying oil trade for use in paints and varnishes. The edible oil trade
prefers soybean oil of a minimum iodine number because it requires less
hydrogen in the hardening process and because the final product has better
keeping properties. Examination at the U. S. Regional Soybean Industrial
Products Laboratory* of hundreds of samples of commercial and laboratory-
processed oils, including crude, semi-refined, and completely refined oils
derived from many varieties of soybeans grown under a wide range of soil
and climatic conditions, revealed iodine numbers ranging from 103 to 151.
Most of the commercial soybean oils were found to have iodine numbers
ranging from 127 to 133. Crude oils and the corresponding refined soy-
bean oils differ only slightly in their respective iodine numbers.

The unsaponifiabl e matter in soybean oil includes the sterols, some
phytos terolinos

, hydrocarbons, alcohols, and ketones. The average content

* By act of Congress the chemical and engineering investign tions of this
Laboratory were transferred to the Northern Regional Research
Laboratory on July 1, 1942.

I



- 14 -

Table 5. - Specifications for
technical uses l/

buying and sell ing soybean
t

oil for

Characteristic Maximum : Minimum

Percent

Iodine number 2/ (Yiijs) 130

Uhsaponifiable matter 1.5

Free fatty ncids 3/ 1.5

Moisture and volatile matter ?

(allowance if over O.Zt) 4/
it 105" C. :

i$

Break or foots (Modified Gardner Method) 5/ .6
'

l/ Set forth by National Soybean Processors /ssociation, 1944-5.

2/ This specification applies only to high iodine value grade oil when
stated in the original contract •

3/ Penalty of l/2 percent of purchase price for each l/2 percent or frac-
tion thereof in excess of 1.5 percent.

4/ Penalty of 2/l0 percent of purchase price for each l/lO percent or
~~ fraction thereof in excess of 2/l0 percent .

5/ Penalty of 2/10 percent of purchase price for each l/lO percent or

fraction thereof in excess of C.6 percent.
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of unsaponifiable matter found in 153 samples of soybean oils examined
at the U. S» Regional Soybean Industrial Products Laboratory was found

to be 0,75 percent with individual variations ranging from 0.52 to 1.61

percent

.

Free fatty acids ore contained in varying amounts in soybean oils.

Technically, free fatty acid content of soybean oil is expressed in terms

of acid number. Examination of a large number of freshly produced soybean

oils has shown variations in acid number as follows* Solvent-extracted
oils 0.35 to 3.35; expeller-pressed oils 0.86 to 2.10. /Ikali refining
results in a reduction of the free fatty acid content, and carefully
refined and deodorized soybean oil should h«ve an acid number of 0.10 or

less. The acid number of soybean oil may become relatively large, how-
over, under adverse storage conditions which cause hydrolysis or splitting
of the glyoerides , The trade expresses the content of free fatty acids
in an oil on a percentage basis, which in the case of soybean oil is

calculated as oleic acid.

The "break" material or foots, found in most crude soybean oils, consists
principally of phosphatides^ pigments, and mucilaginous materials which
are removed from the seeds along with the oil. The method used in
pressing the soybeans and in extracting the oil and the method and degree
of clarification employed affect the quantity of extraneous materials
which remain in the crude oil. Tflfhen the oil goes directly into the
edible or drying oil industry, excessive "break" material is objectionable
because' it leads to increased refining losses.

The amount of "break" material usually obtained by the Gardner acid-heat-
break method varies from 0,04 to 0.20 percent for extracted oils and from
0.20 to 1.00 percent for expeller oils . / correlation exists between the
amount of "break" material Found by the "heat-break" method and the loss

sustained in refining with respect to many soybean oils, but numerous
exceptions occur especially in the case of solvent-extracted oils.

Carbohydrates

The carbohydrates contained in soybeans are of less importance, from the
standpoint of uses, than the protein and the oil. In addition, rela-
tively little is known about the percentage of carbohydrates orosent
in the soybean and their characteristics. This is probably cue to the
fact that soybeans contain a relatively small amount of carbohydrates «nd
that these are associated in their natural state with so filany impurities
that isolation and identification are aifficu.lt.

Carbohydrate substances are present in the soybean in many different
forms including celluloses, free sugars, pentosans, hexosans, and probably
other forms. There is disagreement concerning the presence of starch in
soybeans,' some investigators report its presence in amounts up to 3

percent v/hereas others report inability to demonstrate its presence.
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Table 2 (page 8) contains data showing the total sugar content, calculated
as sucrose, and of the crude fiber content of various soybean varieties.

Cartter and Hopper found that the percentages of sugar increase and
decrease with the percentages of oil and that when total sugar and oil

contents change in one direction, the protein content changes in the other.

The crude fiber^ a mixture of cellulosic substances and lignih, is found
principally in the seedcoat of the soybean. The analysis of two samples
of soybean seedcoats by Cartter and Hopper (2) showed a crude fiber con-
tent of 31.37 and 28.10 percent (dry basis), respectively.

Ash

The importance of the total ash content of soybeans depends on the use to

be made of the oil meal after the extraction of the oil. If the meal is

to be used for feed, a high ash content is desired,- if the meal is to go

into industrial channels, the mineral content is of less importance.
Soybean varieties with low-ash content and high oil and protein contents
are, therefore, preferred for industrial applications and at the same

time they remove less minerals from the soil, per unit of raw material
produced. Soybeans normally contain from 4 to 6 percent of ash. Their

calcium and phosphorous contents are higher than any of the cer6al grains,

and few foods excel soybeans as a source of biologically available iron.

Table 6 includes data showing the average total ash, phosphorous,
potassium, and calcium content of 10 varieties and strains of soybeans.
Table 7 presents further data regarding the mineral content of soybeans.

Vitamins

Knowledge concerning the vitamin content of soybeans and their products
is important from the standpoint of their edible uses, both as human foc4

and as feed for livestock. Since the bulk of soybean oil is consumed
in food products and approximately 9 5 percent of soybean nil meal is used

as a protein concentrate in livestock feeding, information regarding the
vitamin content of soybeans and their products is essential. For non-
food industrial uses, the vitamin content of the soybean is, of course,
of no importance.

Reports in the literature regarding the vitamins present and the extent
of their presence in soybeans and soybean products do not all completely
agree. Some of these variances are undoubtedly due to varietal differen-
ces and some to lack of uniformity in the techniques employed in determin-
ing vitamin content. Furthermore, in the case of the soybean products,
vitamin content is probably affected somewhat by differences in
processing treatments used.
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Table 6. - The average total ash, phosphorus, potassium, and
calcium contents of 10 varieties and strains of

soybeans grown at five locations l/ during the
5-year period, 1936-40.

Variety or Moisture=-free basis
s train Total ash ; Phosphorus : potassium Calcium

! percent perc ent Per c ent percent

Manda.rin .

< 5.37 .696 1 .64 .386

Mukden • 5.00 .660 1 .74 .240

Dunfield, A : 4.65 .626 1.62 .226

Dunfield, B 4.61 ,627 1.53 .221

Illini
!:

4 . 31 « C 23 1.67 ,252

Manchu • 5.12 .670 1.67 .313

Scioto
!

5.17 .658 1.63 .343

T-117 . 5.02 .•6 54 1.67 .248

Peking • 5.21 .727 1.75 .272

Roone 4.97 .653 1.71 .253

l/ Grown at Ames-, Iowa; Columbia, Missouri; Urbana, Illinois;
LaFayette, Indiana; and Columbus, Ohio.

Source* Influence of variety, environment, and fertility level on

the chemical composition of soybean seed. By J. L. Cartter
and T. H. Hopper. U. S. Dept. Agr. Tech. Bui. 737, May 1942.
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/

Table 7.- Mineral con-tent of soybeans (moisture-free basis)

Mineral '. To. of '.

r analyses :

Range

Maximum ~ Minimum :

Mean

Fercent per cent Percent

Ash l/ 6.35 3.30 4.60

Potassium
j

29 2.39 0.31 1.83

Calcium
j 9 .30 .19 .24

Magnesium - 7 .34 .24 .31

Phosphorus - 1.08 .50 .78
'

Sulfur . 6 .45 .id .24

Chlorine
j 2 .04 .03 .03

Sodium
;

6 .61 .14 .24

Boron : 5 .0029 .0006 .0019

j , tularin fcjfa c ; 1

1

. vJU^fci. . UU^

Iron : 13 .01 ~3 .0057 .0030

Copper : 1 .0012

Barium ; .0008

Zinc j 1 .0013

Source; The mineral composition of crops v:ith particular reference
to the soils in which they were grown^ a review and compila-
tion. By Kenneth C, Beeson. U. S. Dept t Pgr. Misc. Pub.

369, March 1941.

l/ Data from Table 3.
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From a determination _/ of the carotene content of over 40 different
varieties of green and mature soybeans, it was found that most varieties
in the green stage were very good sources of carotene, having a range of

from 212 to 705 micrograms per 100-gram fresh sample, whereas the carotene

content of the mature soybeans ranged from 18 to 243 micrograms per 10C-

gram air-dry sample. Later correlations J/of the carotene content with
biological assays for five varieties of mature soybean seed demonstrated
that the biologically active carotenoid pigment contained in the puri-
fied extract was 30 to 88.8 percent 3-carotene and 2.5 to 11.8 percent
a-carctene. Cryptoxanthin was not found in any of the soybeans analysed.

It was concluded that many varieties of soybeans at maturity have a

carotene content as great as that of yellow corn. In terms of total

vitamin A activity, however, yellow corn was superior to all varieties
of soybeans studied because of the presence of relatively large a.mounts

of cryptoxanthin in the corn.

According to most assays which have been reported, soybean oil, like most
vegetable oils, contains but little vitamin P, However j the extent of

this vitamin's presence in soybean oil has not been satisfactorily settled.
Assays of expeller soybean flour (8"' oil) and solvent-extracted soybean
flour $zk oii)jy have indicated the presence of 36 and 30 international
units of vitamin A per 100 grams, respectively.

Soybeans are a very good source of vitamin B-^ (thiamin ) . Tbrpy \ alsjbnconta in,

in smaller amount, Vitamin Bg or (riboflavin). An examination 6/ of 15
samples, representing 9 varieties of soybeans, indicated that their vitamin

B, content varied from 320 to 480 international units per 100 grams of

mature soybeans. / solvent-extracted soybean oil moal assayed 230, and a

hydraulic process oil meal assayed 100 international units of vitamin B,

per 100 grams of material .j/ Soybeans do not contain sufficient quantities
of riboflavin and pantothenic acid, another copponent of the B-complex,
to be considered a good source of these vitamins

.

3/ Sherman, W. C. and Salmon, 7J. D. Carotene content of different
varieties of green and mature- soybeans and cowpeas. Food Res.
4.371-330 (1939). .

4/ Sherman, W« C. Chromatographic identification and biological
evaluation of carotene from mature soybeans. Food Res.
5 : 13-22 (1940).

5/ Hayward, J. W. The nutritive value of soybean oil meal prenared
" by different methods of extraction. Oil and Soap 14, 317-321 (1937).

6/ Hal vers on, J. 0. and Sherwood, F. W. The vitamin A activity and
the vitamin B^ content of soybeans and cowpeas • Jour. Agr , Res.
60. 141-144 (1940).
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The vitamin C (ascorbic acid) content of mature soybeans is very small;
however, soybean sprouts are an excellent source of this vitamin.
Soybeans are also relatively ooor or completely lacking in vitamin D.

Reports in the literature indicate that soybean oil contains vitamin E,

but to a much less marked degree than does wheat germ oil. Soybeans
contain vitamin K in significant quantities. It is present in abun-
dance in soybean oil, but no specific assay of soybean oil meal for the
vitamin has been reported. Soybean seeds dried in vacuum desiccators
at room temperature were found to contain 25 units of vitamin K per
gram of dry material.

The soybean content of niacin, the anti-pellagra vitamin, is about the
same as that of wheat and, therefore, it cannot be considered an espec-
ially important source of this vitamin.

In table 8 are presented data showing the vitamin content of midwest
milling varieties of soybeans, expeller and extracted soybean -oil meal,
and three types of soy flour. This analysis does not include all the

vitamins discussed in the preceding paragraphs, but it includes biotin
and choline, the importance of which is still uncertain.

CULTURE AND HARVESTING

Y'Jhen properly inoculated with symbiotic bacteria, soybeans develop abundan
nodules or tubercles on the roots which extract nitrogen from the soil air

for plant growth. They are, therefore, considered a soil -building crop
when plowed under as green manure. They also bring about some improvement
in the soil when grown for seed or forage in rotation with other crors

if the straw is plowed under or returned to the soil as manure.

Soybeans are especially valuable in short crop rotations with corn and

small grains. However, they are used to replace oats, corn, cowpeas, or

other spring sown crops. In the corn belt a rotation of corn, soybeans,

wheat, and clover is quite common. In this area, the soybean crop should
not be considered as a grain crop competing with corn but as a substitute
for oats or barley.

The growing of soybeans, as one of the major rotation crops, is confined
largely to those areas (see figure 1) where oats were formerly grown as

a cash grain. This replacement of oats by soybeans is in part due to

the fact that in recent years oats have experienced a weak market demand
as a result of the replacement of horses by motor power, but to the

extent that farmers can use cats in livestock production the crop will

continue to occupy an important place in farming.
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Iii certain areas the prevalence of insects or plant diseases that affect
small grains, but not soybeans, may make it advisable to grow soybeans
in the rotation to replace at least a part of the small grain acreage.

Soybean varieties differ in time of maturity and in adaption to soil
fertility levels and soil acidity. They are sensitive in their reactions
to changes of soil and climate and, generally, a variety must become
acclimated to a new environment before normal yields may be expected.
The period of germination is the most • critical stage in- their withstand-
ing of adverse growing conditions. After soybeans are well started,
however, a wet season does not seriously retard growth, and they can with-
stand short periods of drouth. Soybeans are less susceptible to frost
than are corn, cow-peas, and field beans, and a little frost has but
little adverse effect on the plants either when young or when nearly
mature. They are not so sensitive to acid soils as are red clover,
alfalfa, and many other crops.

Preparation of the seedbed for soybean production is generally the same

as for corn, and, like corn, soybeans respond to any extra preparation
of the soil.-

Various successful methods of seeding soybeans are employed in different
regions where large acreages are devoted to this crop. Soybeans are

sown either in rows sufficiently wide to allow cultivation or in close
drills, broadcasting the seed and covering with a harrow is seldom
practiced and is not advisable. The method of seeding will be determined
largely by convenience and economy of cultivation and harvesting, rate of

seeding, • variety used, type of soil, climatic conditions, and the ourpose
for which the crop is grown.

'

For seed production, under nearly all conditions the crops should be grown
in rows and given sufficient cultivation to keen down the weeds. The

distance between rows may vary from 24 to 36 inches on fertile soils to

36 to 42 inches on medium fertile and poor soils. "Where the combine is

to be used in harvesting, some objection has been found to soybeans grown
in rows because of the tendency to ridge the land during cultivation.

The rate of seeding soybeans is influenced by several factors, the most
important being the purpose for which the croo is grown, size of the
seed, method of planting, and environmental considerations. Generally,
the quantity of seed required per acre for cultivated rows ranges from
10 to 75 pounds; for close drilling or broadcast sowing, two to two and

one-half times these amounts are usually recommended. In Illinois, on

good land, standard varieties such as Dunfield, Illini, find Manchu are

usually seeded at the rate of about one bushel an acre in row plantings
and two bushels in drilled plantings.
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Improvements in methods of harvesting the soybean seed have contributed

to the phenomenal increase of soybean production. Today soybeans may be

harvested as efficiently and economically as any of the small grains.

The most extensively used means of harvesting soybean seeds is the combine.

The advantages of this machine, which is the same type as that used for

harvesting wheat and other small grains, are* loss of beans during har-

vesting is small, the time consumed in harvesting is minimized, and the

straw is deposited back on the land where it grew. Other harvesting
machines which are used include, fa) the grain binder, with the bundles

being shocked and handled much the same as are wheat and oats; (b) the

mower, with the crop being raked and placed in small cocks to be threshed
when sufficiently dry; and (c) special soybean harvesters which gather
the beans from the standing stalks.

When either the binder or mower methods of harvesting are used, the crop
is cut when the seeds are in the hard dough stage, at that time the
leaves of most varieties turn yellow and fall, leaving the stems bare
with their clusters of seed pods. When the combine or special soybean
harvester is used, the crop is permitted to cure thoroughly in the field,

preferably to at least as low as 14 percent moisture. Excessive moisture,
as with grain, results in spoilage in the bin.

PRODUCTION

The Orient is the principal soybean producing region of the world; and
until about 1933 China, Fanchuria, Chosen, and Japan, in the order named,
were the foremost important soybean producing countries . These four
countries produced approximately S5 percent of the total world produc-
tion during the 1930-34 five-year period. During the same period, United
States production accounted for only approximately 3.6 percent of the
total. Since 1935, however, soybean production in the United States
has increased sharply while production in the rest of the world has remained
practically unchanged. This increase? raised this country's soybean
production to 19 percent of the world's total in 1939 (the last year for
which complete world figures are available). Moreover, the United States
production of 193 million bushels of soybeans in 1944, v.'hibh was more than
double' that of 1939, undoubtedly elevated it to at least second place in
actual production (next to China) and probably accounted for as much as

35 percent of the total world production. World soybean acreage and
production data Pre presented in table 9.

United States acreage, yield, and production data for soybeans, from 1924
to 1944 are contained in table 10. Total acreage increased from 1.3
million acres in 1924 to 16 million acres in 1943 and production in-
creased from 4.9 million bushels to almost 200 million bushels. During
the same period the percentage of the crop harvested for beans increased
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Table 9. - Soybean acreage and. production for beans in specified countries,
average 1930-34, and 1935-39 and annual 1940-43

Country
A vera ere

• 1 940 * ± y *±

! 1930-34 • l.Jon-o.i

1,000 1 , 000 _L , WWW ± , www 1 , www i nnn1 j uuu
acres acres q /-» y

d. OX Co

/ CREA GE

2/ 12,188China 13,062 • • • • • • • • • • • • •

Manchuria 9, 59 5 8,992 • * * • • • . . . • • •

United States*/ 1,163 3,042 4, 786 5, 881 10,008 10,820
Canada 2/ 10 11 11 44 36

Chosen 1,958 "2/ 1,921 • • • • • •

Japan 840 2/ 812 • • •

Ta iwan 20 2/ 17 • • * a • • • • •

Netherlands
Indies

k/

589 889 1,033 • • • • • • • • •

Rumania 4 161 3/ 290 • • • • • •

Bulgaria «

1/

29 74 173 • • • • • •

Yugoslavia « 2 7 21 43 • • * • • •

Hungary • • • 12 • • « • • •

Estimated world
total 5/ 27,400 23,300 26,600 25,000 • e • • • •

PRODUCTION
1,000 1,000 1,000 1,000 1,000 1,000

bushels bushels bushels bushels bushels bushels

China «•2/251,327 2/204,444 3/216,300 • ft • • • •

Manchuria 167, 571 ~ 151,294 117,579 • • •

United States*/
, 16,603 56,167 77,468 105,587 187,155 195,762

Canada • • • 2/ ' 207 233 217 925 569

Chosen
j

20,286 "2/ 19,303 • * • • • • • • • • • •

<Japan 12,231
~~

12,499 • • • • * • • • • • •

Taiwan ;: 172 2/ 151 • • • • • • • • • • • •

Netherlands j

Indies < 5,602 9,731 11,243 • • • • • • • • •

Rumania < 2/ 26 1,869 3/ 3,600 t • t • • • • • «

Bulgaria • • • 364 992 • • • • •

Yugoslavia < 2/ 27 71 294 • • • • • • « • a

Hungary < • • • 194 • • • • • •

Estimated world «

total 5/ «. 455,000 453,100 440,200 446,000 « • •

1/ Pr el iminary

.

2"/ Average of less than 5 years.

0/ Unofficial estimate.

4/ Acreage harvested for beans

5/ Exclusive of the Soviet Unitjn

Source; U. S. Department of Agriculture Statistics
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Table 10. - Total acreage, acreage harvested for beans, yield, and

production of soybeans in the United States, 1924-1943.

Year
[ 1U on X !

* A r» y* f 1/
: .p.ui crt^c x/ ;

Harvested for
\
beans

[

/ creage
: Propertionnof
s total acreage

JYield per J

• acre s
Production

: 1000 acres
...

1000 acres Percent Bushels 1000 bushels

19 24 : 1,782 448 25.1 11.0 4,947
1925 : 1,785 415 23.2 11.7 4.875
1926 . 2,127 466 21.9 11.2 5,239
1927 <• 2,350 568 24,2 12.2 6.933
1928

t 2,439 579 23.7 13.6 7.880
1929 • 2,807 708

<
25.2 13.3 9,433

1930 s 3,473 1,074 30.9 13.0 13,929
1931 .. 4,304 i,i4i 26.5 15.1 17,260
1932 5 4,165 1,001 24.0 15.1 15,153
1933 •

! 3,957 1 , 044 26.4 12.9 13,509
1934

;
6,207 1 , 556 25.1 14.9 23,157

1935 -
1

: 7,503 2,915 33.9 16.8 48.901
1936 < 7,183 2,359 32.8 14.3 33,721
19 37 .

: 7,464 c, 08b 34*q 17.9 4o , lo4
1938 «

f 8,587 3,035 35.3 20.4 61,906
1939 • 10,920 4,315 39 .5 20.9 90,141
1940 . 11,823 4,786 40.5 15.2 77,463
1941

}
11,391 5, 881 51.6 13.0 105,537

1942 < 15,102 10,003 66.3 18.7 137,155
1943
19442/

.

15,854 10,684 67*4 13.1 193,125
14,519 10,502 72.3 18.4 192.863

l/ - ^cres grown alone plus approximately one-half the interplanted acres.

2/ - Preliminary.
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from approximately 25 percent of the acreage in the latter part of the
1920 ' s to 67 percent in 1943. Two noteworthy stages of rapid expan-
sion in production took place, one in 1935, the other in 1942.

Soybean production in the United States at present is concentrated chiefly
in the Forth Central states. The principal soybean states in this area ••

Illinois, Iowa, Ohio, Indiana, and Missouri - produce approximately 90
percent of the soybeans in the United States. Illinois is. by far,

the leading soybean state, accounting for over one-half, of the total
United States production during the 1933-42, 10-year period and for
36.5 percent in 1943 and 37 percent in 1944. Before the 1920 T s most
of our soybean production was concentrated in the Carolinas and Virginia.
However, many of the experiment stations, particularly those in the

North Central States, investigated the soybean with a view towerd develop-
ing varieties suited for growing in other parts of the country. This

research eventually yielded several new varieties which proved highly
successful and which eventually resulted in a shift of our principal
soybean area from the Eastern seaboard to the Forth Central States.

Table 11 gives the acreage harvested for beans, yield, and production
of soybeans by states, for the 1933-44 period.

The practice of interplan ting soybeans with other crops is confined
largely to the southern and southwestern states where soybeans are util-
ized chiefly as a forage crop. The acreage of soybeans grown alone
for all purposes, the interplanted (grown in combination with other
crops) acreage, and the total equivalent solid acreage, by states, are
shown in table 12.
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Table 11. - Acreage harvested for beans, yield, and production of soybeans,

by states, 1933-42 average, annual 19<±3 and 1944.

Acreage harvested!/ Yield oer acre Production
Rtfl f-p

: /vera
! 1933-

ge t

19 43 1 Q44
: Average
: 1933-42

• «

• *
1 Q44

: Average
: 1933-42

1

1943
t :

1 Q4-4

11 1 U Uo c ill

U

Thousand bushe X

ffl pyt v nrlrJ,v wVV _ Ui Xv 8 20 1 4 P'/l 4 6 x • yj 1 4J. I 1 V 2/ 116 300 196
TT . J.

Pa % 8

•10

20
4 R

13

34
"?/l R

~9 /l fi
"1

<o / X vj • i

13
14

1 '

1 4 SX . o

"2/ 123
"2/ 168

260

630
130
493

U-& 1 -L U 364 1 308 1 391X j tJ to X
~~

1 8 8X D • Q 91 1 7. nX i « w ~ 7 195 27, 468 2 9 4R7Cj Cj , X U f

Tn rlx-t i- • 542 1 40^ X j C'v-/'J
l'fi a 1 R r

>X O • =J IP R1 C . D 9 '1 79 2 5 9 56 CO j X • ;U

Tl 1 • 1,612 O » O vj s ^,00 1 Q C
li' • D 90 t 91 O61 7)9 508 70, 438 71 400

Mi r*ln «XIX vjII • 47 1 03 "14X . U 1 R K 14 RX x . O 6 87U W 'I
1 ROP 1 RO RX , OS

11 -L O • 15 68 i i 7 1 K Rx o . o 1 R OX o . w 91 7w X 1 I 054 73 R

1/ 52 946Cj lU 9 /l 4 R£/ X ± o 1 ^ RX o • o 1 fi R1U i J 2/ 734 3, 321 4 340
TownX VV t_ J. 544 X , */ I O 9 1 9QCj , X CjZJ X ' • o 10 R 90 O ~~

1 093 38 Rl ? 49 R 'AH

TffnJ'lU • !
147 RP1OCX DUD 1U. Sfc 1 O • D 17 R O W k.'

in PriR1U, DUO
T\T Dp V ,
PI • lJo.iV • 1X U A I i rjII • w i 9 n 110 A R

O • Jj'lK . *

£/

9 %CO 1 9X £ 11 fi 1 '± . u Cj J O 1 P RX D O

13 89 9 7Cj 1 9 A 9 11 RX X • <J IP nlu ,u P / 1 7^C/ 1 (O A \ 91 c

Ifa in o . 34 9 AilCj ± X 991CC X R R Q RJ « o 1 R u % ^1 R0,010
Del . . 23 3Qo*j ^4 1 ^ Rx o • o C R 316 351 79 ^oco
Md. 15 ^Po o ?

, R X O k D o n xo >u 90RCj\J ^94O /ICC

Va. ' . 43 G P p ^D O X O , D 11 .u lO.U 59 7 1,056 OAR

W: Va. . 1 *o Oc X Cj , c, lo .u ii n1 1 . u 16 39 9

Wi C. J 155 257 196 11.4 9.0 10.5 1, 793 2,313 2,058
S. C, ! 9 X d X Cj ^ R P. RD . O i . u 60 104
Ga. 12 13 13 6*0 6 .

5

6.0 72 84 78
Ky. ! 24 78 60 11.6 11.0 13.0 29 7 858 780
Tenn . « 24 73 72 8.2 13.0 14.5 222 949 1 , 044
i*la. . 15 44 47 5.9 5.5 5.5 88 242 258
Miss. s 52 142 % 92

1 9.3 12.0 12.5 566 1, 704 1,150
}rk. : 69 267 253 12.0 9.5 15.5 905 2,536 3,612
La . j 19 41 29 12*4 11.5 12.0 241 472 348
Okla . . 2 10 6 7.0 5.0 8.0 19 50 48
Tex.

j1/ 5 25 2 2/ 3.6 7*5 7.0 2/ 44 183 14

U. S. j 3, 848 10,634 10,502 17.1 18.1 18.4 68,771 193,125 192, 8(

l/ Equivalent solid acreage. (Acreage grown al^Lie, with allowances for
acreage grown with other crops).

2/ Short-time average.

Source- U. S. D. /. 1944 annual sumnarv of crops.
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Table 12. - U. S. Soybean acreage for all purposes, by states, 1933-42
aver? ge, annual 1943 and 1944

State
Grown alone Interplanted Equivalent solid 1/

: ,£v?rage

t 19 33-42
1943

Average :

1933-42 t

19'cO
.

• 1944
: Average :

: 1933-42
1S43 iy-x4

Thousand acres

New York ! .
13 28 — 13 28 20

F. J. : 23 57 23 . 57 49

Pa. : 55 127 1 1 Clj.iy 55 127 119
"Ohio : 616 1,469 l , *g iy± 616 1 , <x69 1,484
Ind. : 1,008 1,776 1 , ! ID 1,008 1,776 1,776
111.

: 2,394 3,975 2,394 . 3,976 3,857
Mich

.

: 100 137 i An 100 . 137 140
ViTis . i 166 112 1 1 ?lit 166 112 112
Minn

.

! 156 347 OO 1 156 . 347 357
Iowa

: 1,069 2,123 O TOO __— 1,069 2,123 2,229
Mo

.

r 491 750 . ou o 1 120 68 524 . 810 784
¥ . Dak.

! 12 7 12 7

S. Dak. • 2/ 8 31 1 <4l^c 2/ 8 31 14
Nebr . 15 100 Ou 15 100 30

Kans . <: 74 313 238 — 74 313 238
Del

.

r0r 41. 76 67 41 76 67

Md . .• ,55 116 94 55 116 94
Va.

:! 123 245 176 69 91 85 158 291 218
Y'[. Va. • 49 ' 42 39 49 42 39

N. C. ;
296 495 361 374 430 322 483 710 522

S. C. j 30 55 35 70 75 O O QQy y 1 c

Ga. . 84 117 97 86 70 50 127 152 122
Ky. ! 142 242 194 19 30 25 152 257 206
Tenn .

; 165 276 248 204 350 287 267 451 392
/la.

j 244 353 '290 38 28 20 263 372 300
Mi s s . « 289 515 309 357 331 251 473 705 435
Ark . • 196 446 357 275 444 320 334 668 517
La . « 78 147 85 414 517 403 285 405 287
Okla. « 16 ' 35 17 3 2 2 17 36 18
Tex. ; 2/ 27 52 13 2/ 7 7 2/ 31 56 13

U. S. 8,016 14,575 13,564 1,985 2, 553 1,908 9,014 1 5,354 1 4,519

l/ /cres grown alone, plus one-half the interplanted acres.

2/ Short-time overage.

Source; U. S. D. /. 1944 annual summary of crops.



CROP DISPOSITION

The disposition of the soybean crop in the United States on and off the

farm is shown in table 13. The proocrtion of the bean crop used for

seed in 1924 amounted to 39 percent. For the crop of 1943 it had de-

clined to 16 percent. This marked reduction is undoubtedly due to the

development of higher yielding varieties and to the fact that more of

the soybean crop is now harvested for beans.

The quantity of soybeans fed to livestock on the farm where produced

has increased with the increase in production, but the proportion of

the crop so used has sharply declined. Approximately 25 percent of the

total soybean oroduction was fed by farmers in the 1920' s whereas in

1943 only 4 percent of the crop was so utilized on the farm where
oroduced

.

/long with increased production and expanded utili za tion, soybeans have
become increasingly important as a cosh crop. The proportion of the

crop sold off the farm and the proportion crushed for oil and meal have
increased rapidly. In 1924 about 60 percent of the crop ^ ras sold and

about 10 percent of the quantity sold was crushed. In 1943 approximately
89 percent was sold and appr oximately 82 percent of that quantity was

crushed

.

Relative Importance as a Crop

The importance of soybeans (for beans only) in the agricultural economy
of the United States is relatively small when their farm value and their
contribution to cash farm income is compared to the tot^l value and
income from all farm products. Their culture and utilization, however,
satisfy certain requirements which no other crop fills, consequently, they
are becoming increasingly important in the organization of farming prac-
tices on Corn Belt farms. Table 14 indicates the relative importance
in 1942 of soybeans as a cash crop in the United States and in the states
where it is considered a major crop. In Illinois, the state of principal
production, it contributed about 10 percent of the farmers ' cash income,
while for the country as a whole it contributed less than 2 percent.

MARKETING

The marketing of soybeans is conducted in practically the same manner and
the same marketing procedure and facilities are used in assembling, stor-
ing, grading, transporting, financing, etc. as in the case of the cereal
grains. Country elevators are usually the first to receive soybeans from
the farmer; from there the beans may go directly to processors— some of
the larger of whom operate line elevator s--or to terminal elevators, com-
mission merchants, or brokers. Many mills buy directly from the farmer.

/ soybean futures market is operated by the Chicago Boa.rd of Trade, soybean
meal futures market by the Memphis Merchants Exchange, and soybean oil
futures market by the New York Produce Exchange.
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Table 14.- Relative importance of specified farm products in the Corn Belt states.

Cash incone from farm marketings for calendar year 1942.

Product "V- Unit
1 VI 1 T* £± <A

LfXiJ. 1/OU

States
: 11 iinoi s : Iowa : Indiana: Ohio

O /m r n /~i r\ v> C j-,u'Jt-/ qo x.iars

Percent
COO } O'iO

;
i.67

c' ( , COO

10.10

/ c. CAfi
, DUD

3.71
•3.6,960

6 .81

35, 769

6.19

1 ODD rl ,->1 1 nv?

Percent
_ f O , tj o ^

si i 1

150 114

15.60

115 815

9.42
26 , 358

4.36
16,234

3.15

t
ljrl6 3. t 1 OOr; rlnll aye;

Percent 5 .45 1.39

4 86 5

0.40
11,095

.2.04

28,641
4.96

Oats, barley,
sorghums, hay

grain 1,000 dollars
Percent

336, 742

, 2.19
24,521

2.55
19 , 069

1.55

i a on

1.37

« 1, 7RO , O 1 o

1 .45

Rye, rice,

buckwheat
1,000 dollars
Percent

106,319
0.69

146

0.02
68

0.01

251

0.05
345
. 06

Fruit 1,000 dollars
Percent

765,5^9
5.11

7,631
0.79

943

0.08
3,004
0.55

12,428
2 . 1

5

Vegetables 1,000 dollars
Percent

1,086,307
: 7.07

15,833
1.65

6,916
0.56

23,983
4.42

31,644
5 .43

Livestock and

livestock products 1,000 dollars
Percent

8,98 7,175
58.45

634,467
65.92

1,019,585

82.91
416,613

1 11
1 O • / /

410,966
(iill

Other 1,000 dollars
Percent

2,499,699
: 13,26

19,057
1.98

.
16,744

1.36
16,964

3.13
31,483

5.45

Total farm
produces

1,000 dollars
Percent

15,3 74,354
100,00

962,401
100.00

1,229,611

100.00
54-2,655

100.00
577,888
100.00

Source: Latest revised estimates as of 8/19/<44; U> S. Dure

a

x of Agri cultural
Economics

.
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Grades

Effective September 3, 1935, grading standards were set up by the U. S.

Department of Agriculture for the grading of soybeans on a voluntary
basis o This was a necessary prerequisite to the establishment October
5. 1936 by the Chicago Board of Trade of a futures trading market for
soybeans

.

On November 20
s 1940, the inspection and grading of soybeans, when sold

by grade in interstate or foreign commerce, was made mandatory under
the administration of the Grain Standards Act. The U, So official
standards for soybeans, effective Z ptember 1, 1941, provide for the
classification of soybeans into five classes according to color and
into five numeral grades, i.e. I

T o, 1, TTo. 2, !To. 3, Uo. 4, and Sample
Grade, according to minimum test weights per bushel and maximum limits
for moisture, splits, damaged kernels, and foreign material other than
dockage. If the beans are infested with live weevils or other insects
injurious to stored grain, the special grade designation "weevil:/' 1

, is

affixed to the numerical grade otherwise applicable. If the dockage
(foreign material of a type readily removable) -present amounts to one

percent or more, the word "Dockage," together with the percentage thereof
is added to the grade designation.

The five classes of soybeans are : Class I, Yellow; Class II, Green;

Class III, Rrownj Class IV, Black; and Class V, Mixed. The Mixed soybeans
class includes mixtures of other classes as well as bicolored soybeans.

International Trade

International trading in soybeans has averaged less than 100 million
bushels a year. Manchuria has been the chief exporting country, and

Germany, Japan, and Denmark have been the leading importing countries!
The United States, between 1924 and 1931, imported on the average about
68,000 bushels of soybeans annually , Beginning in 1931, the United
States became a net exporter and reached its highest point in this trade
in 1939 when exports amounted to 11.8 million bushels. This latter
development was a direct result of the cutting off of Manchurian trade
because of World War II, European countries being forced to turn to the

United States for their soybean supplies. Germany, realizing the nec-
essity for obtaining soybeans to help her war food program, originally
arranged for the Russian government to ship considerable quantities of

Manchurian soybeans across the Trans-Siberian Railway, but few, if any,

* rvir derails of ;thes^ standards- see U. S. Dept.; Agr .- Handbook -,of

Official Grain Standards of the U. S. U.S.G.S.A. Form Fo . 90,

Revised 1941

4
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of these shioments ever arrived in Germany prior to the initiation of

Russo-German hostilities. Germany employed similar practices during

World War I, on one occasion purchasing a very large proportion of our

North Carolina soybean production at fabulous prices prior to our enter-

ing that conflict.

Prices

Soybean prices very quite widely by areas from year to year, and by use

made of the croo. In the principal surplus producing states, Illinois,

Iowa, Ohio, arid Indiana, where most of the soybeans produced are used for

processing, prices are lower than in the less -important producing areas,

where most of the beans sold are used for seed. Data showing the average
price per bushel received by farmers for soybeans in the United States

by months from 1934 to 1944, are shown in table 15, Hie average price
per bushel received by farmers for soybeans, by states, from 1933 to 1943,
are shown in table 16.

Under normal marketing conditions,, the prices of soybean oil and oil meal
are the most important factors affecting the price of soybeans, i.e., these
values plus processing margins determine the prices that processors are

able to offer for industrial beans.* On the other hand, the orice of soy-
bean oil and oil meal, are influenced by the supplies and prices of

competing products. Lard and cottonseed and peanut oils in the edible-fat
field and linseed oil in the drying-oil field exert an important influence
on the price of soybean oil. Similarly, the price of soybean oil meal is

affected by supplies and prices of cottonseed and linseed meals, the former
being especially important because of its large production.

There is usually a seasonal rise in soybean prices during the spring months
(7pril through June) reflecting the demand for soybeans for planting pur
poses. This rise in price, which is independent of oil and meal values,
usually causes processors' margins to be smaller during this period.

Table 17 shows the average monthly prices of soybean oil and meal and the
farm price of soybeans for the crop years 1938-39, 1939-40, 1940-41, li 41-

42, 1942-43 and 1943-44 by months.

The supply situation of soybeans also affects their movement. Until the
marketing year 19^2-43, the industry's capacity for processing beans was
greater than the- annual supply available for crushing. Consequently, surplus
stocks at the end of the marketing year were negligible, and in some
instances processors were forced to bid against each other inordinately

* In some cases, processors are willing to operate at a loss for short
periods of time, rather than lose markets which have been built up for
their oroducts, ,'lso, the expense of closing down a large plant may be
greater than that sustained by temporary uneconomic operation.
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Table 17. - Average monthly prices* soybean oil, Midwestern mills; soybean
meal, Chicago; and' soybeans , United States farm

Crop

5
- .• .- .. Prices.

' Crop
: Prices

Oil,
• Meal,

* 0ix v

year and : domestic
Soybeans

J year and : domestic : Heal,
5

month 'crude,, in
. 41 % • month '• crude, in Soybeans

'tank cars
.protein

: tank oars .protein

Cents per Dollars Dollars per . Cents per " DolIFr s~ Dollars per

pound per ' ton bushel : pound per ten bushel

~\ O % Q "?C!
'

ltfuo-oi? I !941'-.-&<d

October 5.03 ' 24.60 .64 October

'

!

-10.33 37.95 1 .42

November : 5 .03 24 .40 .63 : November : 9 c 83 39 .10 1 .43

December • 5.14 26 .20 .67 ! December • 10.08 42 . 50 1 ,47

January 4. 97 26.30 .72 January : 11.44 46,45 1.65
February \ 4.76 24 , 70 .69" February ! 11.72- 46,45 1 .78

March ; 4.91 24.45 . 73 : March : 11.75 44 = 85 1 .79

April j 4.72 24.70 .78 j April { 11.75 41 .00' 1 .76

May
, ; • \ 4 .92

'

26 .30 . 87 May ! 11c 75 33.30 1 .73

June j 4,36 25.95 \
,•':/".. 83 '

j June :
"11.60 57 ,90 1 .63

Tnn 1 , rJuly « 4 . 34 24 . 70 .75 : July 11.24 41 .30 1 .62

August i 4.17 25.70 .64 j • August : .11.44 42 ,60 1 . 58

September . j . . 5.11 33.70 ,73 j September : 11,66 45 ., 50 1 . 57

i n / o a 'ziy 4ii~4o

October j 4.94 28.30 .73 . j October ! 11.75 42 c 70 1 . 58

November . ; , - .4 ..33, 32 „ 7.0 . 82 ; N ovemb er : 11.75 '46 c60 1 . 58

December : 5.12 34.95 .97 '
: December : 11.. 75 39 .00 1 .59

January i 5.33 33.90 1.03 : January : 11.75 39 .3 5 1.59

February < 5.40 29,95 .96 j February i 11.75 39 .60 1.60
March ,.

• 5..73 30 .45 1.01 : ?Iarch :: 11.75 40 .60 1.65
^pril < 5 . 51 29 .65 1.00 j April 11 . 7 5 40 . SO 1 .67

May < 5.33 28.65 .96 ~ j May ! 11.75 40. 55 1 .72

June ! 4.72 24.40 .79 ; June ! 11 .75 40.40 1 . 73

July ' 4 . 72 . 22.25 1

"-t .73.. ,-:
Till -r I-July : 11.75 '40 .40 1 . 70

August !
> 4.36 24.60 .67 ! Augus t :

" 11.75 51 . 90 1.68

September < 4.11 27.00 .69 j September i 11.75 51 .90 1 .69

1940-41 T C\ A T A A

October ! 3.91 25.90 October :

' 11.75 51.90 1.80

November > 4.29 30.50 .84 November 11 .75 51 ..90 1 .80

December . 4*48 29 .60 .81 • December 11.75 51 .90 1 . 81

January
i

« 5-.12 -
. 29 .75. .'8? j January 11.80 51 .90 1 . 82

Februp ry : 5.06 26.60 .84
'j February ;

' 11.80 51.90 1.35

March
t

' '6.03 26.85 '
' .89 ~

: March • i 11.80 51.. 90 1.89

April 7.58 27.50 1.07 • April j 11 .80 51 .90 1.91

May . 3.68 28.10 1.19 ! Hay . 11 .30 51 .90 1 .93

Juno . 9.62 29 .70 1.23 5 June s 11.30 51 .90 1 .93

July . 9.79 33.80 U30 s July j 11.30 51.90 1.91

August • 9.47 36.20 1.29 : August ! 11.80 51.90 1.90

September . 10.50 41 .40 , '1.61 . September 1 11.30 52.00 1.93

Source. U. S. Dept. of /.gr. Statistics.
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at certain times during the year in order to obtain enough beans to keep

operating. This situation has had a tendency to increase speculative

activity by farmers and the public.

UTILIZATION OF WHOLE SOYBEANS

Saed

Each year a certain portion of the soybean production must be reserved
for the next year's seeding operations. Some of this seed is required
for the production of beans, some for the production of green cover crop

for turning under as a soil biiilder. The quantity, viability, method of

planting, and similar factors have been discussed in previous sections.

In the period 1930-39 the quantity of seed used per planted acre for all

purposes (internlanted acres counted as one-half) averaged 72 pounds per
acre. In 1941 it averaged 76.2 pounds and in 1942, 79.2 pounds. The total

quantity of seed used annually since 1930 has ranged from 3,811,000 in

1930 to 20,331,000 bushels in 1942.

Feed

Soybeans, like other grains, can be utilized as feed in several different
forms. The entire bean, either in its whole form or cracked or ground,
or the residue after oil processing can be utilized. /lso the entire
plants can be harvested, when the beans are about half-developed, and

used as hay.

Whole soybeans can be fed to livestock to orovide the protein supplement
in feed mixtures, but their l^rge content of oil, when fed in too large

proportions, results in soft fat in hogs l/ and soft butter 8/ when fed to

dairy cattle.

7/ W. E. Carroll, Soybean Oilmeal, a Valuable Protein supplement for Swine,

Animal Husbandry- Department, University of Illinois, .AH1012 (1940)

8/ Utilizing the Soybean in Livestock Feeding. University of Illinois
.Agricultural Experiment Station. Circ. 369 (1937)
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The Iowa State College of Agriculture 9/ claims that, according to their
experiments, soybeans have a value as a -protein supplement in the dairy-

ration at least equal, if not superior, to linseed oilmeal and cottonseed
meal, the two concentrated protein supplements most com\"ionly used in Iowa.

Until comparatively recently, the feeding of unprocessed soybeans was
considered conducive to scouring in dairy cattle, but more recent investi-
gators have failed to confirm this. However, some of the essential amino
acids in soybean protein, are net readily availrble to "critical :| animals
whose demands for protein are rather exacting. This class of animals
includes hogs, lambs, poultry, calves, dogs, and fur-bearing animals; and
in order for these to use soybean protein efficiently it is necessary to
apply a heat treatment, apparently to make the cystine and methionine
available. The relative protein efficiency of rqtw soybeans may be only
40 percent, but the oooked or toasted soybean protein exhibits efficiencies
of 85 to 95 percent. It is for this reason that oroperly processed soybean
oilmeal is greatly preferred by feeders instead of raw soybeans

.

The quantity of soybeans fed to livestock on farms where produced amounted
to about 5 percent of the total production in 1941, or about 5.6 million
bushels. The quantities fed in 1939 and 1940 were 5.6 and 5.1 million
bushels, respectively.

Discussion of utilization of soybean oil-cake meal for feed aooears in a

later section on the utilization of the protein fraction.

Soybeans have increased in importance as a hay and seed crop during the past
decade. If the plants are cut when the seeds are about half developed and
the plants 1 properly cured, a hay which has a high content of digestible
protein is obtained. This hay can be fed profitably to all kinds of live-
stock, makes an excellent winter ratio? 1

, for young cattle, sheep, horses,
and mules, and has been used to good advantage for hogs and ooultry. Soybean
hay, produced on the farm where it is fed, is a cheap source of protein
for balancing feeds for livestock, milk, and butter production. Soybeans
usually yield from 1 to 3 tons of hay to the acre, and occasionally 4 to 5,

depending upon the fertility of the soil and upon the season. During the
10-year period, 1930-39, the average production of hay was 4,09 3,000 tons;

in 1941, 4,779,000 tons ; and in 19'42, 3, 945,000 tons . The drop in 1942 was,

no doubt, occasioned by the necessity of using all possible soybeans for

processing into oil. Marketing of soybean and soybean mixed hay is done

under the uniform standards as set forth in the handbook of Official Kay

Standards prepared by the U.3.D.A.

The development of more economical methods and suitable machinery in harvest-

ing and handling the crop has been one of the chief factors in increased
seed oroduction. In regions where nroper harvesting equipment is readily
available and where there is an established market for soybeans it is more
profitable to harvest the beans for processing into oil and feed than to

harvest the crop as hay.
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Food

Although soybeans were first grown in this country as a forage crop,
certain edible varieties are now coming into use as a valuable addition
to our list of vegetables, both in the fresh and dry form. The fresh,
or green shelled, beans Pre very rich in vitamin A and are also a very
good sburce of vitamin and of riboflavin. The dry soybeans, however,
fire not good sources of vitamin R and riboflavin. Also they contain
considerably less vitamin A than the fresh green soybeans. They are
richer in protein and fat than other common table beans. This protein
consists of 9 °£ lysine, one of the 10 amino acids known to be necessary for

growth and maintenance of body tissues, whereas the gluten of wlieat flour

consists of only Z% of this essential amino acid. On the average, dry
soybeans contain about l-l/2 times as much protein and 12 times as much
fat as other dry beans . The carbohydrate content of soybeans is compara-

tively low, about 12 percent available carbohydrates in the dry beans and

6 percent in the green shelled soybeans. Roth the fresh and the dry beans
are good sources of the mineral elements, calcium, phosphorus, and iron,

From the dry soybeans come a number of products, some of which are produced
in only small quantities. These include flour and grits (made either from
the whole beans or from oilmeal), "milk," curd, and soy sauce. Because
of the glutamic acid contained in the protein, soybeans are a -possible

source of mono-sodium glutamate, a material used for imparting meat flavors
to foods, but present commercial production is derived from wheat orotein
because glutamic acid is more readily available ' in relatively concentrated
form as the byproduct of certain wheat processing operations. Products
m"de from whole soybeans are similar to the dry soybeans in food value while
oil-cake meal products resulting from oil processing are much lower in fat
content and higher in protein and carbohydrate. In general, products
derived from soybeans and soybean oilmeal are not used alone but are used

to raise the protein content of other foods. They can be blended with

wheat flour for use in bakery products, mixed with breakfast cereals,

used in soup, in preparations of dehydrated and dry soup concentrates,

and in prepared meat products as an extender to maintain or raise the

protein level

.
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Normally, soybean processing has as its objective the production of oil

and meal, using expellers, screw presses, solvent extractors or hydraulic
presses. Prior to World War II, nearly all- soybeans entering commercial
channels were consumed in this manner, but relatively small amounts were
used to manufacture soy flour for human consumption. Some types are
made in a manner quite similar to the processing methods used for oil end
meal, but others are produced by distinctly different procedures , Much
of the soy flour is manufactured as a side-line by processors whose
principal business is the production of oil and meal, but practices in

soy flour grinding are somewhat unique and merit separate treatment in any
discussion of the soybean processing industry.

Before World War II, approximately 25 million pounds of soy flour were used
each year in baked goods, meat extenders, pet feeds, snd similar products.
Vfar-time shortages of meats focused attention upon soy flour as a replace-
ment material for a portion of the usual proteins in human diets, and there
was accordingly a tremendous increase in its production for both domestic
and overseas use.

For purposes of strengthening wartime diets nutritionally the War Food
Administration encouraged the voluntary inclusion, in the form of either

grits or flour, of small percentages of soy products in bread, soan powders,
macaroni, breakfast cereals, pancake flours, confections, and sausages.

Soy flour is made in many forms, but is of three general types, "low-fat",
"medium-fat", and "full-fat". The full-fat type is made by grinding whole
soybeans, the medium-fat by pressing the beans in exoellers or screw presses
before, grinding, and the low-fat type by grinding meal from which the oil

has been solvent extracted. Soy grits are a product quite similar in com-
position to soy flour, but not ground to a fine powder. They are used mainly
in meats, as extenders, and in various confections and baked goods as a

garnish

.

The essential steps in the manufacture of soy flour are, removal of the hulls,
debittering, grinding, and sifting or bolting, but not always in the order
mentioned. The beans are dehulled by coarsely cracking, followed by
aspiration or by some similar separation method. Commercial varieties
of beans have a characteristic flavor which, though not particularly dis-
agreeable, it is preferable to remove. This step in the process is known
a.s debittering and is accomplished by a wide variety of methods, such as

treatment with heat, steam, and various other gases. For full -fat flcur,

the beans are ground in roller mills and the product is bolted through silk,



- -41 -

much the same as in ordinary flour milling. In the production of medium^fat

and low-fat flours, the dehulled and debittered beans are passed through

expellers or solvent extractors before the final milling. In all types,

the requirement is that 95 percent shell pass through the U. S. Standard

No. 120 woven wire cloth sieve.

The production of soy .flour requires considerably more care than that of

soybean oil meal intended for animal feed only, for the beans must be

selected for quality and, as in all food processing plants, sanitary pre-

cautions must be observed. I'ost, but not all, soy flour is manufactured in

rails which also process soybeans for oil and oilmeal feed. . Iu expeller

type plants, one or more expellers or screw presses are frequently operated
separately from the rest, and these crush the dehulled and debittered beans
from which low-fat flour is to be made. ".Then low-fat flour is made by
solvent extraction, the usual oractice is to operate the extractor alternate-
ly, a few days on flour and a few on meal, depending upon the relative ton-
nages of meal and flour required. The oil obtained in making medium-fat
and low-fat flours is marketed in the same manner as that obtained from
meal production, the two usually being mixed as they are produced. The use

of spy flour, particularly of the r«edium-fat and low-fat types, is discussed
further in a later section dealing with the utilization of soybean protein.
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INDUS TRIAL DEVELOPMENT T

Inasmuch as the greater part of soybean production is processed by a

specialized industry before it is consumed, soybeans are predomirra beiV
a cash (see tables 13 and 14) croo, Consequently, the agricultural
expansion of soybean culture in the United States is closely associated with
the development of the soybean processing industry, and bto'th phases owe much
of their early expansion and development to the foresight, cooperation, and
aggressiveness of a few agricultural and business leaders.

History of Industry

The first soybeans processed in this country were imported from Manchuria
in 1911 and crushed in a small mill in Seattle, Washington. Domestic soy-
beans were first crushed commercially at Elizabeth City, North Carolina
in 1915. /s North Carolina led in the production of soybeans at that time,
two other mills in the state, one at Winterville, the other at VJashingtor

,

soon began crushing soybeans. /II of these enterprises, however, were on a

very small scale and lasted for only a short period.

During World War I the serious shortage of fats and oils made necessary the

importation of large quantities of soybean oil. Most of these imports were
from Manchuria and were frequently of very low quality. After the 7f»r, the

low quality of imported oil, together with the increasing popularity of

soybeans as a leguminous forage and fertilizer crop, stimulated interest
in soybeans both agriculturally and industrially.

In the 1917-18 season it was decided to attempt soybean processing in a

small mill operated by the Chicago Heights Oil Manufacturing Co., Chicago
Heights, Illinois, which was then operating with hydraulic presses on linseed
and with expeller equipment on corn germs and mustard seeds. However, the
demand for soybeans that fall for planting purposes was so great that only
a very small quantity of soybeans was obtained by the mill. This small

quantity was used to determine methods of grinding and drying. Similarly a

large demand for soybeans for seed the following year again prevented the

obtaining of adequate supplies locally, so in 1921' the mill bought 10

carloads of soybeans in forth Carolina and Virginia from which it produced
four carloads of oil with its expeller equipment.

In 1922 and 1923 enough soybeans were accumulated by the mill to try out

its hydraulic presses and these also worked satisfactorily. It was then

evident that from the technical standpoint soybean processing could be

successful in this country. However, in order to place the processing of

soybeans on a commercial basis, it was necessary that assured markets for

the oil and meal be found and that an adequate supply of beans be available

for processing. To accomplish this, a campaign to enlighten potential

consumers concerning the merits of soybean oil and meal and a program of

\
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research to extend the applicability of these products were undertaken by

processors . Simultaneously better-adapted and higher -yielding soybean

varieties were being developed by the U. S. Department of Agriculture and

agricultural experiment stations, and farmers were being encouraged to grow

more beans for crushing.

The P. E. Staley Manufacturing Company of Decatur, Illinois, a long-estab-
lished manufacturer of corn products, entered the soybean processing field
in 1922 and did much toward developing the market for soybeans and in

encouraging farmers to grow soybeans for crushing. Many problems had to-

be overcome, however, in both production and marketing before the soybean
processing industry became what it is today. From the 1924 crop, the first

year for which figures are available, 307,000 bushels of soybeans were crushed

in this country. For the next 10 years soybean processing increased steadily
but not rapidly (see table 13); for example, in 1933, 3,054,000 bushels were
processed. The industry expanded as other large concerns (such as Allied
Mills, Inc., /rcher-Daniels-Midland Co., Central Soya Co., Glidden Co.,

Ralston Purina Co., Spencer Kellogg and Sons, Inc., Swift and Co., Etc.)
entered the industry, and the recent increase in soybean oil and meal produc-
tion has been phenomenal. From the 1941 crop, 706,661,000 pounds of soybean

oil and approximately 1,345,000 tons of meal were nroduced from the crushing
of 77,131 bushels of soybeans. Estimates of the amount of oil produced
from the 1942 crop of soybeans are given as 1,19 8,207,000 pounds., and

3,179,000 tons of meal from 132,575,000 bushels of soybeans.

Considerable assistance has been given to the industry in recent years,
particularly in the field of industrial utilization of soybean products,
by the United States Regional Soybean Industrial Products Laboratory
established at Urbana, Illinois in 1936 under authority of the Bankhead-Jones
Pet of 1935. The chemical and engineering sections of this Laboratory
were transferred to Peoria-, Illinois on July 1, 1942 and absorbed by the

Northern Regional Research Laboratory.

Processing

Growth of the soybean processing industry in the United States has been
extremely rapid, particularly when contrasted with the bean crushing industry
of Manchuria which is still in rather primative stage- of technological
development. Of particular interest is the manner in which oilseed proces-
sing technology has been modified as a result of developments in the soybean
industry.

Immediately after World War I, Germany Undertook the processing of soybeans,
imported from Manchuria, on a considerable scale. The oil was in great
demand for food uses, and the protein meal was needed for livestock produc-
tion. The necessity for recovering maximum possible amounts of oil led
to the development of highly efficient solvent extraction systems which were
installed in tremendous mills at Hamburg and other oilseed crushing centers.
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In the United States, on the other hand, where dories tic production of fats
and oils is more nearly on a self-sufficient basis the soybean industry
grew up around the expeller, which is a continuous press, somewhat less
efficient in oil removal than solvent equipment

.

/ttempts were made as early as 1923 to introduce solvent extraction to the
American soybean industry, but without success. The principal reason for
early failures was the small supply of soybeans^ for this country hod not
undertaken the importation of Maneh'-ian soybeans on a scale cornnarnbl-;"

with that adopted by Germany, nor had there been any urgent market demand
for soybean oil and meal to justify immediate domestic production on a

tremendous scale. The superiority of the German oilseed extraction system
could not be denied, however., and at least one short-lived installs tion of

German-built soybean extraction equipment was made in this country in 1924.

It was not until ten years later, however, that the first permanent solvent
type soybean mills were built in this country, and they were likewise of

German manufacture. As a matter of fact, German extraction systems are now
used the world over, and many of their desirable features are incorporated
in American-built machinery which has subsequently come onto the market.

Derived Products

Briefly, soybeans are processed in three ways, mechanical oressing, solvent
extraction, and grinding undefatted beans. By far the greater part of the
soybean croo is pressed or solvent extracted to product.' oil and oilmeal,
but a certain amount of pressing and extraction is conducted to make medium-
fat and lew-fat flour, plus some oil. In addition, a. part of the croo is

ground without prior removal of the oil, the products being either full-fat
soy flour or soybean meal, deoending on whether it is destined for human or

animal consumption. These products and the processes used in their manu-
facturing are shown in chart form in Figure Z f page 45.

Production of Oil and Meal

Soybeans which enter commercial channels are nearly all processed with the

objective of obtaining the oil, leaving a high protein residue which can be

used for stock feed or for flour. When the residue is destined for stock
feeding the operation is known as "processing for meal." On the other hand,

if the residue is intended for flour, the analogous term is "processing for

flour." The procedure is somewhat different in the two cases.

There are three methods in common use for processing soybeans to yield oil

and meal, namely, continuous pressing (expellers and screw presses),

hydraulic pressing, and solvent extraction. At the present time the use of

expellers and screw presses is by far the most common. Solvent extraction

is used to a lesser extent but is rapidly gaining in importance. In years

past, hydraulic presses were widely used, but their use is becoming less
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Mechanical
press ing

'or meal

<

for flour

^ &" pounds. of crude .soybean oil

/ 48 pounds of "old process" soybean
^ oil-meal, 41 percent protein

/ppr oxima tely 3 pounds shrinkage

( 7 pounds crude soybean oil

^ 4-4 pounds medium -fn t soy' flour

x (

.
: pounds soybean nillfeed and shrinkage

Solvent
extraction

r
j
for meal

for flour

/ 11 pounds cruae soybean oil

46 pounds of "new process" soybean oil-

meal, 4^ percent protein

N. /pprox imately 3 pounds shrinkage

r
11 pounds of crude soybean oil

40 pounds of low-fat soy flour

pounds sovbean mi11feed and shrinkage

Grinding whole
sovbeans

I

for flour

\

for feed

C 52 pounds of full-fat sov flour

8 pounds of soybean millfeed and shrinkage

f
59 oounds of soybean meal

Approximately 1 pound shrinkage

Figure 2. Products derived from processing 1 bushel (50 pounds) of soybeans
bv various methods

.
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common each year. As a war emergency measure, however, much soybean pro-
cessing is now being conducted in hydraulic presses. In the Orient, Hydraulic
presses and similar equipment are the only types of soybean processing i

machinery ordinarily used. In Europe solvent extraction is relied upon al-
most exclusively.- In this country all three methods are employed to a
considerable extent, as shown by the data in table 18, page 55.

American mills which use hydraulic presses are or have been for the most
part engaged primarily in crushing other oil seeds, such as cottcnseeo. and
linseed. Such mills can be easily adapted to soybean crushing, but the
unit crushing costs are said to be higher than those encountered either
in the continuous press or the solvent type mills. These higher costs are due
largely to the increased amount of hand labor required for a batch tyoe of
operation. It is for this reason that, except for the unusual condition
created by a war-time shortage of oilseed processing facilities, the
hydraulic press is rapidly becoming obsolete in the soybean crushing industry.

In the hydraulic press type of processing, the beans are ground and then
mashed into thin flakes by passing them repeatedly between heavy steel rolls.
They are then cooked in special heating chambers which are known as "stack
cookers," after which the hot flakes are formed into rectangular cakes and
wrapped with a hair or wool mat. These wrapped cakes are inserted between
the plates of a hydraulic press, there being openings for a large number of

them, and pressure is applied. P drainage or compression time of 15-30
minutes is usually allowed, and the oil exudes from the cakes and runs into
a trough around the bottom of the press. Pfter drainage is complete, the

pressure is released, the cakes are removed, the cloths are stripned from
them, and the cake edges are trimmed off for repressing because they contain
considerably more oil than the bulk of the cake. The rectangular oress cakes,

resembling flat boards, are ground to meal at the mill or are shipped, as is,

to feed manufacturing companies.

When continuous presses are used, the beans are rather coarsely cracked and

dried to a moisture content of 2 or 3 percent. They are then conveyed to

a tempering apparatus which is mounted about the expeller or screw press

and in which they are held at a relatively high temperature in order to cook

the protein and to equalize temperature distribution in individual narticles.

The hot, granulated material is then fed into the pressure zone of the expel-

ler or screw press in which it is compressed by means of a powerful rotating

screw and forced through a compression chamber, consisting of a. cylindrical

cage composed of longitudinal steel bars spaced a few thousandths of an inch

apart. Tremendous pressures are developed in the cylinder both because of

the special design of the worm and because of an adjustable constriction

at the exit end of the chamber. Under the influence of high temperature and

high pressure the oil is squeezed out of the beans and escapes from the

compressed material by flowing out through the slots between the bars. The

residual material is forced on through the cylinder and is discharged as

irregularly shaped fragments containing approximately 4 percent oil It is

cooled and ground to produce soybean oil meal, as distinguished in the trade
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from soybean meal. The latter consists of ground soybeans from which the

oil has not been removed. The crude oil is screened and then clarified by

filtration before storage in outside tanks and subsequent shipment to the

refinery.

In the solvent extraction of oil from soybeans as carried out in this

country, the soybeans are cracked and their moisture content is adjusted

to approximately 12 percent. They are then rolled into thin flakes by

passing them once between large steel rolls, and they are then passed

through the extraction apparatus in which the oil is leached out by means

of a fat solvent. Many kinds of apparatus are in use for providing the

necessary contact between flakes and solvents. Some use screw conveyors,
some use drag-link conveyors, and others use moving chains of baskets con-

taining the material to be extracted. In all of these apparatuses the

flow is counter-current; that is, the oleaginous material passes in one

direction, being continuously washed by a stream of solvent passing in the

opposite direction. The fresh flakes are treated with solvents containing
considerable oil immediately upon entering the apparatus, but as they pro-
gress through the chamber the solvent encountered is progressively fresher.

The residual solids are allowed to drain and are then discharged from the
extractor into driers which expel all of the volatile solvents, leaving
a meal containing approximately 1 percent or less of oil. This material
is usually given a supplementary toasting in which it is heated at a rela-
tively high temperature and in the presence of moisture for 1 to 2 hours.
This treatment produces a brown color and pleasant flavor and odor which
greatly add to its salability to the feed industries . The solution of

oil in the solvent which leaves the extraction apparatus is known as

"miscella." It is filtered, and then most of the solvent is removed by
means of an evaporator or a series of evaporators, some having rather
special design. The final traces of solvents are expelled by scrubbing
with steam. In many mills, the scrubbing is so effected that excess water
remains in the oil and aids in hydra ting the phosphatides so that they can
be readily separated either by settling or by centr ifuging. These are
subsequently purified and sold as commercial lecithin.

Considerations in Determining Size, Type, and Location of Plants

processing costs

There are very few published data on the costs of installing and operating
soybean processing mills, and the best sources of such information are the
manufacturers of equipment used in the process. It is usually a simple
matter to determine the probable costs of raw materials and the yields
and prices of the finished products for any chosen locality, but the operating
expenses vary considerably; depending upon the type of process, size of
installation, continuity of operations, and other factors. Typical yields



And values of the products obtained per bushel of soybeans at a typical
expeller type mill in .1943-44 "were follows*

Quantity land val'ue-'of products fr our"one buehel of ^soybeans :

Oil — 8.87 lbs. at 11-3/4 cents - - $L:b42
I&al - 47.37 lbs. at 2-1/4 cents- - - l fc066

Total value of products $2,108

Cost of one bushel of soybeans delivered
and stored at plant ----------- 1.330

Operating margin per bushel $0,228

The approximately 23 cents per bushel "spread" between nrices cf raw materials
and oroducts would have to cover all operating expenses, overhead, and profits.

.

The amount of this "soread" is normally subject to market conditions^ and for
several years nrior to World War II, it fluctuated between 14 and 20 cents
per bushel for typical expeller type mills located in the heart of the soy-
bean producing area. World War II conditions resulted in the establishing
of controlled markets, and the soybean industry operating under government
contracts, with prices adjusted to allow each mill a fixed operating margin.
The data just presented should therefore be considered only as an example
of usual soybean milling yields, for the reason that purchase trices of the
soybeans may be adjusted to provide the operating margin to which a given
mill is entitled.

The approximate operating margins allowed various soybean mills under the
1943-44 government contract provided some measure of comparison between
various types of mills. The schedule classified plants three ways according
to type and three ways according to ^ize as follows*

Operating margin allowed -

cents per bushel

Col vent type :

Large 29

Medium 30

Small 31

Expeller and screw press types*
Large 24

Medium 26

Small 28

Hydraulic press type*

Large 29

Medium . 30

Small 31

Small mills are those under 3,000 bushels per day, medium mills are 3,000

to 6,000 bushels per day, and large mills are over 6,000 bushels per day.
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An analysis of the bare operating costs in solvent find expeller type soy-

bean mills is given by Bilbe 10/, who quotes 9.2 cents per busnei in a

120-ton solvent mill and 3.5 cents in an expeller or screv/ press plant of

comparable size. These figures, which of course do not include adminis t'rfl-

tive find spies expense, profit, find certfiin other minor items of overhead,

are based upon utility find labor prices of that date. The article in ques-

tion should be consulted for a more detfiiled explanation of the cost

analysis, for the data presented can readily be filtered appropriately to

obtain estimates of operating costs in mills of different sizes than those
described, f dr comparative purposes. Although the solvent system- ir.ay

appear slightly more expensive to install and operate, the apparently higher
initial cost and operating expense are usually mere than compensated for

by the extra yield of oil realized in the extraction process.

p complete study of operating costs in mills of various sizes reveals that
it is much cheaper to crush soybeans in large plants then in small ones.

The principal items contributing to higher unit operating costs in small
plants are wages and overhead of all types. The so-call 3d fixed charges,
such as taxes, insurance, deprecif tion, er,c, are particularly high on a

cos t-per -bushel basis of the mill operates only part of the year. It is

for this reason that, in the larger plants, every effort is made to keen
the plant running for practically 12 months of the year. Shut-downs are

costly and should be avoided if it is at all possible.

«

Size of Plant
e

No general statement can be made in regard to the smallest size soybean
mill that is practicable, for the answer to this question varies from location
in accordance with many economic, factors, several of which will presently
be discussed. In most cases, tut not alWays', it is necessary to have
available a supply of soybeans sufficient to assure nearly year-round
operation. The quantify depends, of coursw, upon the size of tne plant.

The one-exoeller type of mill has proved perfectly satisfactory in many
locations for small-scale operation. Crushing about 20 tons of soybeans
per day, it would require approximately 200,000 bushels to operate for
300 days. In the industry, there are expeller type planus of all sizes,
ranging in capacity from 500 to 30,000 bushels per day; but one having 4

to 8 expellers or screv/ presses and crushing 2,500 to 5,000 bushels per
day is considered by many to be typical, kills of this size are located
rather generally throughout the soybean belt.

10/ Bilbe, C. j/f. Continuous Solvent Extraction of Vegetable Oils. Moch

.

Eng. £3 357-60 (1941) Cott. and Cett. Oil Press. 42 (12), A-8, A-9,
A-12 (1941;.



Much has been written and spoken in favor of the ultra-snail soybean
processing installation, which can be installed in one's barn, and also
of some of the slightly larger versions, operated to serve a snail
community, p great deal can be said both in favor of and against such
operations, but prior to the tine when the Government assumed control
of the soybean processing industry as a war-tine measure, not one had
proved itself successful by independently operating for any extended
period in direct competition with larger mills.

It is true that freight savings allow a greater margin for processing
expensesin the 5-ton or 10-ton plant which operates only in the local
market, as conpared with a larger mill which ships raw materials and
products considerable distances. It is also true that unavoidable itens
of overhead expense in the snail nill greatly increase the processing
cost, per bushel, over that which would be. obtained If larger equipment
were used.

Expellers and screw presses designed for soybeans are not made commercially
with capacities less than 15 or 20 tons per day, and this size has proved
quite satisfactory under sone conditions. Most efforts to develop 5-ton
and 10-ton slants have consequently been devoted to solvent extraction,
and the principal difficulty encountered is that the only cheap solvents
available are sinilar to gasoline and are hazardous to use. In large
extraction plants extrene measurSs are taken to minimize explosion hazards,
and it requires technically trained personnel to maintain the requisite
standards of safety. The extremely small mill can hardly afford to retain
a staff with the training necessary to avoid accidents and to maintain the

operating conditions in equipment as complex as solvent extractors.

During the pa st ten or nore years ; the Ford Motor Company has experinented
with small-scale soybean processing and has operated two small plants to

demonstrate the method developed by their research staff. However, in

spite of considerable publicity and a number of attempts of others to use
such a process on a snail scale, the Ford installations are still the only
ones of their type in operation. Mereover,' the Ford Motor Company has sub-
sequently built and is operating a considerably larger soybean mill which
has been used, at least until the United States becane involved in World War II

for supplying oil for varnishes and other materials entering into the manu-
facture of the Ford autonobile.

A final answer to this question, i.e. the feasibility of using extremely
small solvent units, nay be forthcoming as the result of the recent placing
on the narket of 5-ton and 10-ton extractors designed for use of a fireproof
solvent, trichloroethylene . This solvent is about 5 to 6 times nore expensive
than the hexane used in larger solvent mills, and it has never before been
employed on a large scale by the soybean industry. One manufacturer who
developed such apparatus has recently installed one rated at 10 tons of

soybeans per day, and at least 3. others are being built by other firms;
No estimates are yet available on the unit cost of operation, as compared
with the one-expeller mill, but the results obtained in these initial instal-
lations will be watched with great interest by those who have studied the

question of milling soybeans on a snail scale.



In considering the econonic aspects of a soybean processing business — for

example, one that is still in the blue-print stage — one must realize
that small-scale and seasonal operations can hardly be avoided in many
marginal areas where the volume of soybeans available is limited. The

result of part time operations is obviously higher unit operating costs,

but these are frequently compensated for by favorable marketing conditions
and other factors. The former require further explanation, but as an

example of the latter there might be cited the instances in which certain
mills, located somewhat distantly from the main producing areas, have
crushed soybeans part of the year and linseed or other oilseeds the

remainder of the season.

Mil ling- in- transit ^privilege

In order to imderstand fully the factors which must be considered when
evaluating the optimum size and location of a soybean mill, it is necessary
to mako a distinction between so-called "local' 1 and "transit" processing
operations. Some mills confine their activities la.rgely to one or the other
type of operation, and many carry on both.

Local operations are those in which the beans are purchased from growers in

the immediate vicinity and the meal is sold to loc^l feeders . There are
usually no freight charges on the soybeans or the finished meal or, in any
case, these charges are small.

Transit milling is based upon the "miliir g-in-transit" privileges extended
to processors in cases where the raw materials, shipped from some distant
point, 'are unloaded at the plant, milled, and the resulting meal shipped
to some ultimate destination further along the same route used to bring the
raw material to the mill. In other words, the plant is located on the trans-
portation route that might . normally be employed to ship the beans from the
point of origin to the ultimate destination of the meal. Under these
conditions, the soybeans are milled in transit, th^t is, the oil is removed
during a brief stopover at the mills. Hhis',, obviously, represents a. saving
in freight over milling operations in which the outbound products move to

market on a new freight billing independent of the freight billing of the
inbound raw material.

Railroads operate under a. very complex system of milling-in-transit schedules,
and all soybean mills engaging in transit milling require the services of
a traffic expert to assist the soybean buyer and meal salesman in arrang-
ing purchases and sales to take advantage of available "through billing"
regulations

.

Some localities are much more advantageously situated than others with
respect to transit rates between soybean producing areas and the meal
markets. For example, Decatur, Illinois, is in a particularly strategic
location, with respect to soybeans and soybean oilmeal, and it is for this
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reason that Decatur has by far the largest concentra tion of soybean process-
ing facilities in the United States and that all sales of soybean products
are normally made on an f . o.b. Decatur basis.

Because of the centralization of the soybean industry in Decatur and the
consequently large volume of transit movement to and from that city, the
prices of soybeans from more distant sections have, in years pact, been
determined largely by the transit freight rates required in order to deliver
the raw material to Decatur at the market prices being paid there T Similarly,
meal prices were generally determined by the transit freight rates that must
be paid in order to ship meal from Decatur to destination points. In many
cases, soybean prices were computed on the basis of the Chicago price less
applicable freight^ but meal prices were practically always the prevailing
Decatur quotation plus freight.

Under the preceding conditions, it is apparent that, although a very small
mill or one doing a seasonable business could hardly hope to survive, if

located near Decatur, these small plants situated in more remote areas
enjoyed freight rate advantages which largely offset their higher operating
cost. It is also obvious that the mills located some distance from Decatur
could ordinarily realize a greater processing margin on that aortion of

their crush conducted on entirely local soybeans, as compared with that
portion conducted on a transit basis. These factors require very careful
consideration by anyone contemplating embarking on a soybean processing
venture

.

There is at least one other way in which transit rates sometimes benefit
processors located in certain areas distant from the soybean belt, Whether
or not "through billing" is available on the soybeans milled, shipment of

the oil takes a considerably higher freight rate than that applicable to

the beans and meal. 'It is therefore frequently an advantage to be located
near the oil markets so that a substantial saving can be made in the cost of

transporting the oil

.

At the present time (1944-45) the freight advantages, formerly accruing in

many outlying areas by virtue of the industry's centralization in Decatur,
are more or less in abeyance because fairly uniform soybean and soybean
oilmeal prices have been established as part of the war-time soybean program.

It would be expected, nevertheless, that the practice of applying freight
discounts and premiums, based on Decatur, Y/ould re-establish itself when
war-time marketing restrictions are relaxed. Many new mills have been
constructed since the government assumed control of the industry, howevr,
and a considerable portion of the Iowa crop that was formerly shipped to

Decatur for milling in transit may be crushed in these districts in the

future. It is therefore hazardous to make any prediction regarding the

exact role which the "Decatur basis" of determining prices will play in the

post-war soybean industry.
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Other economic factors

Another practice of the soybean industry, and one that needs little explan-

ation, is that of hedging all purchases and sales. Processors buy most
of their beans and sell most of their oil and meal for future delivery,

and contracts are generally negotia^d in accordance with trading rules

adopted by the National Soybean Processors Association, 2812 Board of Trade

Building, Chicago 4, Illinois. As in all agricultural processing industries,

gambling on the markets tempts disaster. It is the usual custom to sell

oil and meal corresponding to every car cf beans purchased, or vice versa,

at prevailing prices. Operating on this basis, the processor knows exactly
what processing margin he will have on every bushel he processes, Obviously,
if prevailing future prices for soybeans, oilmeal, and oil do not afford
a processing margin commensurate with his expected yields and operating
costs, a processor stays cut of the market and awaits a price change that
will enable him to do business at a profits It is sometimes the case,

however, that on account of overhead costs, an operator considers it

preferable to run at a slight loss rather than to shut down his olant.

The preceding are only a few of the m^ny factors that require thorough
investigation in connection with choice of size and location of a soybean
processing plant, but they are among the most important ones. The proximity
of other mills which would compete for raw materials and for meal markets is

likewise a vital consideration.

A word of caution here might be in order for those who contemplate soybean
processing as a prospective new business venture but who have not had oil

milling experience. Oilseed processing, particularly the operation of

expellers, screw presses, and solvent extractors, is a highly technical
field which requires the services of well-trained and experienced operators.
Wo fixed rules can be given for conducting many steps in the processus

-

and it is necessary to rely entirely upon the operator's judgment., based
on experience, in order to maintain proper conditions to yield marketable
products with a minimum of conversion cost. The services of a reliable
firm of consulting engineers with a

1 ^ckground of oil milling experience
would be an excellent investment for anyone not thoroughly familiar with
the field who expects to engage in any type of soybean processing.
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Location and Capacity of Existing riant

s

The soybean processing industry consists , for the most part, of mills
which crush nothing but soybeans and of a very few which crush soybeans
most of the time but not exclusively. In addition, there are a large
number of cottonseed, linseed, and other oilseed mills which handle
soybeans only a small part of their operating time or which have Leen
temporarily converted to soybean crushing to meet wartime require-
ments . In discussing the development and present economic position
of the soybean industry, it is necessary to neglect or to treat as a

small separate group the temporary and part time soybean mills, as
their operations are ordinarily quite variable

,

At the present time (May 194-5) the total crushing capacity of the soy-
bean industry, excluding temporary and part time mills, but including
current construction, is estimated to be 547,518 bushels per dav, or

189,441,000 bushels per 346--day year. Of this, 66„8 percent use ex-
pellers and screw presses, 31.4 percent use solvent .extraction equip-
ment, and 1,8 percent use hydraulic presses. Table IS summarizes the
soybean processing industry in more detail. Table 19 gives the esti-
mated present (May 1945) capacities of the nine largest operators in
the business,

Soybean processing is centralized in the North Central states, with a

certain minor proportion distributed in marginal producing areas, and,

in some cases, in locations rather remote from the soybean belt. The

estimated distribution, by areas, is given in Table 20,

The perennial question of whether an agricultural processing industry
should become centralized In a relatively few large plants or whether
it should develop as a large number of community mills, each serving
mainly their local producing areas, has been argued at great length
by those responsible for the soybean industry's development. The

linseed crushing industry is an example of the former type of opera-

tion, and the cottonseed industry exemplifies the latter extreme. In

the case of the soybean industry, the major part of the crushing
capacity is in the hands of a relatively few operators, but by no

means to the exclusion of small mills.
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Table 18.- Summary of soybean processing facilities and operation status,

excluding mills crushing soybeans temporarily or less than
half their operating time. - LTay 1945

Proportion : Proportion
Type of mill and : Soybean of U . S

.

: Soybean : of U. S.

status of operation : capacity total : capacity: total
criDD.city .

: capacity
.Bu

. /day Percent Bu
.
/day Percent

Type of equipment used

A nH p v n r« pyhpI 1 at^ r- 1 1 t vipq
( rirpccpc ]
^ ^ ^ O L,' j. O OC O / oop Aon / i 6i+j- .

Anderson super-duo expellers : 160, 500 29.3 '

AniipT^nn Hnn pvnp 1 "I p t* ^ Q

Anderson RB expellers : 15,100 2,8
Anderson No . 1 expellers : 2 . 5 50 0.5

French screvj- presses (174 presses) 124,010 22.7
Unclassified expellers and screw

presses (16 presses) 12,300 2.3
Solvent extraction plants (36) 172,018 31.4
Hydraulic press equipment 10 , 000 1.8

Total of all types 547,518 100.0

Operation status

Expellers and screw presses 365,500 66.8
TJrvT'T C\ "•"V" v< n 1—i no*1MU.; UjJcX L/XIIfc, 326,700 59 .7
Ilnnr. v p n n cl- vm 1 1~, + A r\ ~r\ « 38,800 i •

Solvent extraction plants 172,018 31.4
Now operating : 119,358 21.3 :

Under construction : 52,660 9.6
Hydraulic press equipment : 10,000 1.8

Nov; operating : 10,000 1.8
Under construction : None :

Total now operating : 456,058 83^3 :

Total under construction : 91,460 16.7 :

Grand total : 547,518 100.0



- 56 -

Table 19.- Estimated soybean processing capacities of nine largest operators

Proportion

Processor identification Soybean capacity
Of U . S a

total
capacity

Processor A
Bu

.
/day

' 59 , 500

Bu , /yr

207587^000

Percent

l'679~"

Processor B 58,500 20,241,000 10 c7

Processor C 50,635 17,519,710 9,2
Processor D 49,000 16,954,000 8.9
Processor E 28,400 9,826,400

6,608,600
5.2

Processor F 19,100 3.5
Processor G 17,000 5,882,000 3.1
Processor H 16,300 5,639,800 3.0
Processor I 12,650 4,376.900 2.3

Total, 9 largest operators 311,085 107,635,410 5bT8

1/ Basis 346 operating days per yea

Table 20.- Capacity of soybean mills in specified areas, excluding mills
crushing soybeans temporarily or less than half their
operating time •

Area

Illinois
Iowa
Ohio
Indiana
Missouri
Kentucky, Tennessee, Arkansas
Kansas, Nebraska
Wisconsin, Minnesota, North Dakota

Michigan, South Dakota
New York, Pennsylvania, Virginia

California, Colorado, Delaware
Total

Soybean
capacity

33
36

17
16

7

8

14

17

12
160

Bu > /day

193,215
107,880
63,630
56,723
18,700
21,050
25,630

29,490

31,20

547,518

Proportion

of U. S.

total
capacity
Percent

35o3

19.7
11.6
10.4
3.4
3.8
4.7

5.4

5.7
100.0

I
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UTILIZATION OF SOYBEAN OIL

The diversity of uses to which the soybean and its various products pre

pre shown in table 21 prepared by Lr . J. Morse of the United States

Department of Agriculture. Although it is well-known that there has been a

rapid increase in the industrial use of soybean oil, the extent of this

increase and its effect upon the consumption of other industrial oils may
not be clepr. Since soybean oil hps enjoyed its rise to prominence mainly
because of its acceptance as an edible oil, its increased consumption has

occurred at the expense of other food fats, particularly cottonseed oil:

and lard. In the few yerrs preceding the present war, a serious over-

supply of food fats and oils in this country resulted in drastically depressed

prices, and soybean oil was a leading contributor to this surplus. Analysis
of the effect of the introduction of soybean oil into the established fats

and oils economy, and the extent of the upheaval caused by this "intruder",

is the purpose of this section.

The increase in the quantity of soybeans ©rushed and the growing propor-
tion of the quantity crushed to the quantity produced for the period 1924

to 1943 are shown in table 13, page 30. As production increased from
5 million bushels in 1924 to 137 million bushels in 1942, crushings ranged

from 307,000 bushels in 1924 (Oct. 1 - Sept. 30) to 77,000,000 bushels in

1941 and to 133 millions in 1942. Similarly the proportion of soybeans
crushed increased from 6.2 percent of the 1924 crop to 71 percent of the
1942 crop.

The increasing importance of soybean oil in our economy is brought into

shkt'fr relief by examining table 22 j* Of the total factory consumption of

vegetable oils, amounting to 3.1 billion pounds in 1935, only 91 million
pounds, or approximately 3 percent of it, was soybean oil, whereas, in

1944, factory consumption of soybean oil amounted to 1,036 million pounds,

a quantity representing approximately 30 percent of the 3.5 billion pounds
of all vegetable oils consumed as a raw material by industry in that year.
With the exception of 1937 the quantity of soybean oil consumed annually
in industry has shown an uninterrupted increase since 1935. Moreover^
its relative importance in the vegetable oil field has advanced each year
except for slight set-backs in 1937 mid 1941. This indicates that, although
the expansion in the factory consumption of soybean oil has been given
impetus since 1939 by the difficulty encountered in importing certain oils,
the enormous expansion in use of soybean oil has been due in large measure
to its versatility in utilization, to favorable price relationship, to tariff
protection** and to the aggressiveness of agricultural leaders in encouraging
soybean culture and of processors in urging the acceptance of soybean products
in industry and elsewhere.

* Table 22A compares factory consumption and total apparent domestic dis-
appearance. The discrepancies between the totals for factory consumption
in tables 22 and 22A may be ascribed to the use of different sources of
data, and to ~ the fact that most of the data are preliminary (see also
footnote l/ table 22). :

1

** Soybean oil - 3-1/2 cents per pound but not less than 45 per centum ad valor ei

Soybeans - 2 cents per pound.
Soybean oil-cake and soybean oil-cake meal - l/5 cent per pound.
Soybeans, prepared or preserved in any manner - 6 cents per pound.
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Table 21. Soybean utilization

Forage - - -

Green Manure
Pasture

(Ensilage
(Fuel
(furfural
(Hay
(Soilage

(Emulsifier
(Core binder
(Feeds -------

Defatted meal -(Fertilizer
(Glue
(Human food - - - -

(Plastics
(Industrial protein

(Cattle
(Dogs

(Fish
(Hogs
(Poultry

( Rabbits
(Sheep

'Paints

-(Paper size
(Textile dressing
(Waterproofing

f Grits

(Beer brewing
(Flour-see 'Whole beans'

(Seasoning pov.rders

( Soy sau je

(Vegetable milk

Oil

Green Bean -

Candles
Celluloid
Core oil

Disinfectant (Dip coatings
Electrical ins ulaticrCMargarine

;s - - -

Enamels
("Food produc
Fuel
Glycerin
Ins ecticides
Lecithin ------
Lighting
Linoleum
Lubricant
Oilcloth
Paints
Printing ink

Rubber substitutes
(Soaps --------
Synthetic resins
Varnishes
Waterproof for cement
Waterproof goonV

Canned
Frosted
Green vegetable
Salad

(Cooking oils

(Shortening
(Salad oils

(Medicinal oil

(Cocoa
• (Emulsifier

( fa r gar in e

(Medicines
(Textile dyeing
( Candy
(Chocolate
(Gasoline stabilizer

(Hard

(Liquid
(Soft

(Continued on next page)
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Table 22 shows also the factory consumption of the various other vegetable
oils and their relative importance for the years 1935 to 1944. It will be
noted that along with soybean oil, the relative positions of linseed and
corn oils have likewise appreciated, although not so greatly ns soybean
oil.

Previous to 1935 soybean oil in the United States was used principally in
paints nnd varnishes. Since that date, however, 70 to 93 percent of
annual factory consumption of soybean oil has been in the food industries,
2 to 20 percent in the drying oil industry, 1 to 6 percent in the sonp
industry, and 1 to 5 percent in miscellaneous uses. Loss, including

"foots has accounted for 4 to 9 percent, (see table 23).

The quantity and the relative importance of soybean oil consumed in industry,
by classes of products, as compared to all vegetable oils, are shown in

table 24. This table reveals an increased use of soybean oil in all
products using oils as a. basic constituent. The greatest increases shown
were in food uses, but substantial increases also were shown in the quantity
consumed in the drying oil industries and for miscellaneous uses, except
during the Vfar period 1942-44.

In order to examine in detail the utilization and economic status of

soybean oil and to determine how its use has affected the consumption
of other vegetable oils, it is perhaps best to consider separately each

class of product in which oils are a basic constituent. These classes of

products, as reported by the Bureau of Census and as they appear in

tables 23 and 24 are : Shortening, margarine, other edible products, soap,

paint and varnishes, linoleum and oil cloth, printing inks, miscellaneous
products, and loss (including "foots"). Each of these products is herein-
after considered individually and the situation as regards soybean oil

within each class of product since 1935 is considered, except that no
special reference will be made to the effect of World War II on comsumption
and importation of vegetable oils .

Shortening

The shortening industry is the largest individual consumer of vegetable
oils, consuming for the period 1935-41 an average of about l-l/3 billion
pounds annually (table 25). Cottonseed oil is used to the largest extent
for this purpose, contributing on the average, about 72 percent of this

amount (table 26). The quantity of soybean oil used in shortening
increased from 52.5 million pounds in 1935 to approximately 620 million
pounds in 1944 (table 24), or an increase from 4 to 52 in the percentage
of total uses during the period. In shortenings, soybean oil is used

either alone or blended with other fats and oils. Since shortenings
compete directly with lard and constitute the largest single usage of

soybean oil, the price of soybean oil has fluctuated more or less in
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Table 24, - Factory consumption of soybean oil by classes of products; Quantity
consumed, and percentage that soybean oil is of total vegetable oils,

Year .Shorten Mar-
garine

i Other i/t : Paint iLinoleu:i:
.

t
.

jlfls.rel-

• edibl"e : Soaps and ; and •
.

C1X1
^ tlaxieqvis

products i • varn.ishfO.il cloth? in*>*>
, g

Loss o'/
-

.nc-lud"-

.nt; f oo bs
)

Quantity consumed • million pofmds

1935 * 5 2 -> 5 ni n a 2.5 13.0 / Q4.0 V _ 1 1 , 1 .

1936 113.9 14,3 . n 1 £?
r <6 z \o O 5,0 14.5 n U V 1

*Z A y . u

1937 : 90,8 31„8 10,3 16,1 u >y V 1

1

6 r U y .y

1938 . 137,1 39.9 11 CO 10,9 15,2 , ,. 1 5 cO 14 r U
1939

:
201.3 70.8 OcLt-6 11.2 'cx 7 C Ab 4 -

1

9,o lb „o

1940 j 212 3 3 87,1 40.0 17.6 29,? 7,3 o\,i 16. 5 20 9

1941 216 ,0 75,6 48.0 24 = 7 41 ,6 7.7 0.3 23.4 26,4
1942V. 335,5
19434/. 558,4
I9444/. 620.3

133.3
198,0

fin q

124,6
31,4
14,0

25c 3

18,4
U n O

0,2
j.i
0.04

7 Q

17,0
lb ,

191.6 124.4 3,3 19,1 0.05 0,02 30.7

Percentage that soybean oil is of total ve£;etable oils

1935 3.8 0.6 ,3o0 0.6 3c5 7.3
1

0,6 2 o 2.6

1936 : 8.1 4.8 6.1 1.1 3,6 3.4 0.5 3,2 4,4
1937 ! 6.1 10.3 3.9 1.8 3.7 1.1 0.4 2.6 4.8
1938 • 9 .9 13.6 3d 2.1 4.4 5.1 0.5 6.4 6.0
19 39 • 15.6 31.4. 7c8 1.9 5.5 7.1 0,5 8.4 9.4
1940 • 19.1 37.4 8.6 3,1 7.4 7.5 0.5 13.4 14.4
1941
1942_4/
1943V

: 16.7
• 29.7

: 46.9

28,5
43,3

42.6

9.3
10. 5

16,5

3.6
11.7

6.1

7*9

5.2

4,4

6 3

0.3

0.3

1 ,0

0..6

0.2

13,0

5/

V
14.3

5/

5/
I9444/ : 52.4 42.5 20.6 1.7 3.8 0,1 0.1 V 8/

l/ Mayonnaise, salad dressings, cooking oils, etc c

2/ Includes cutting fluid, core oils, candles, lamp oil, livestock fly spray,

rubber substitutes, sticker for lead arsenate spray, waterproofing cement,
et cetera.

3/ Mostly foots
3
used chiefly in soap.

4/ These data are only approximate. Changes in methods of reporting factory
consumption occurred both in 1942 and 1944, causing difficulties in
summarizing these data in a comparable form with earlier years. They sre
as nearly comparable as is possible to obtain.

5/ Residual items - not strictly comparable.

Source; Compiled from Bureau of Census Reports.
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accordance with that of lard during recent years. In table 26 are

presented data shewing the relative importance of the various oils

consumed in the shortening industry for the period 1935-1944.

Margarine

During the period 1935-41 the annual factory consumption of vegetable oils

in the margarine industry averaged about 270 million pounds, or 8 percent
of all vegetable oils. For the period 1942-44 factory consumption has
averaged 408 million pounds'. Since 1935 significant shifts have occurred
in the proportion of various oils which are used for this purpose. In

1935 coconut oil made up 61.7 percent (table 27) of all vegetable oils
used in margarine, soybean oil contributed 0.6 percent, and cottonseed
oil 3 5.2 percent. In 1941 the percent of margarine made from coconut
oil declined to 11.2 percent, while the consumption of soybean oil for
this purpose rose to 28.5 percent, and of cottonseed oil to 56 ,6 percent
of the total. By 1944 the use of coconut oil had ceased while soybean oil

had increased to almost 50 percent. These shifts have been continuous
(i.e. accumulative from year to year) from 1935 to 1941 and so apparently
were not the result of an abrupt shutting off of coconut imports. In
table 27 data are presented which show trie relative importance of various
vegetable oils in the margarine industry over the 193 5-44 period.

Other Edible Products

The factory consumption of vegetable oils for "other edible products"
(mayonnaise, salad dressings, cooking oils, etc,) increased from approxi-
mately 10 percent of all uses in 1935 to approximately 14 percent in 1941
and to 17 percent in 1944 (trsbls 25). In these uses cottonseed oil is

by far the heaviest contributor, Accounting for from 45 percent in 1935
to 60 percent in 194^ (table 26). The proportion accounted for by
soybean oil in the manufacture of these products, increased from 3 percent
to 25 percent during the same period. Coconut oil and sesame oil have
been the oils which chiefly have decreased. These shifts are shown in
table 28.

Soap

The total and relative amounts of vegetable oils used in the manufacture
of soap have been increasing (table 25). The quantity used increased
from a little over <±00 million pounds in 1935 to almost 700 million in
1941 but decreased thereafter to about 200 million pounds in 1944, In
1935, 2rl/2 million pounds of soybean oil was used in the manufacture cf
soap, whereas in 1941 this amount increased ten-fold, or to 25 million
pounds. In 1944 the amount decreased to 3 million pounds (see table 24).
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Since the total quantity of vegetable oils going into soap was increasing
simultaneously during the pre-war period, the relative importance of
soybean oil in soap manufacture showed only a six-fold increase, or from.

0.6 to 3.6 in percent of total vegetable oils so used (table 29).
There are two reasons for the relatively small proportion of soybean
oil used in soap in comparison with other oils. First, because of its
high content of fatty acids having 18 carbon atoms, soaps made from
soybean oil do not have the free lathering properties characteristic
of those containing larger proportions of palmitic, myristic, end lauric
acids. Secondly, the yield of glycerine obtained in making soap from
soybean oil is considerably less than when other oils containing more
short chain fatty acids are used.

Coconut 'oil is the chief oil used in soap, and its use for this purpose
has been increasing. In 1935, 56 percent of all vegetable oils going,

into soap was coconut, while in 1944, nearly 70 percent was of that
type. During the same period the proportion of rapes eed and palm oils
generally declined. Table 29 shows in detail the relative utilization
of the various oils in soap manufacturing.

Paints and Varnishes

Paints and varnishes, on the average, account for approximately 12 percent
of the factory consumption of vegetable oils (table 2 5). There is a

large amount of oil, especially linseed, however, which goes into paint
and varnishes by hand-mixing and is not accounted for by these figures
which show only factory consumption. Linseed oil is the oil most extensive-
ly used for the production of paint and varnishes. Its factory consumption
increased from 230 million pounds, or 61 percent of all oils so used, in

1935 to 374 million pounds, or 71 percent, In 1941. By 1943 the amount
of linseed oil used increased to 88 percent but ir 1944 decreased to 77

percent (table 30). Soybean oil used in paints and varnishes increased
from 13 million pounds in 1935 to 42 million pounds in 1941 (table 24),
an increase from 3.5 to 7.9 in percent of all vegetable oils used by
factories for the production of paints and varnishes during this period.
During the years 1942-44 the use of soy bean oil gradually decreased to

3.8 percent.

There are two general types of drying oils used in paints and varnishes.
The first is exemplified by tung oil, which is normally imported from
China. During recent years the supplies of this oil were curtailed
through shipping difficulties incidental to the war, and a number of

substitutes therefore were introduced. Most important of these is dehydrated
castor oil, but Brazilian oiticica oil has also been employed extensively.
These oils are particularly valued because of their fast-drying properties

and the water resistance of their film.
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The second group of drying oils is exemplified by linseed oil, which is

slower drying than tung oil and which does not yield films having the

high water resistance which characterizes tung oil products. Soybean
oil belongs to this class. However, its higher- content of saturated and
oleic acids makes it considerably inferior to linseed oil in most of

its drying properties. Because of the shortage of tung oil and certain
other oils of similar drying characteristics, efforts are being made
to replace them with linseed and soybean oils wherever possible. In

many cases, a degree of water resistance comparable to that of tung

oil may be achieved by incorporating certain synthetic resins with
bodied linseed and soybean 'oils.- A more recent development in the tung

oil substitute field is the isomerization of the linoleic and linolenic
acids in soybean and linseed oils in order to make a product similar
to tung oil. The commercial production of these materials is very
small at present. The relative use of the various vegetable oils in

paints and varnishes for the years 1S35-44 are shown in table 30.

Linoleum, and Oilcloth

From 67 to 122 million pounds (table 25), or about 2 to 3 percent of

the total factory consumption of vegetable oils, went into linoleum
and -oilcloth during the 1S35-41 period. From 1942 to 1944 it decreased
from 108 million pounds to 82 million pounds. Linseed is the predomin-
ating oil in this industry, contributing 62 percent of the total factory
consumption in 1935, 90 percent in 1941, and 93 percent in 1944 (table 31).
Soybean oil shewed no consistent trend throughout the period, varying
from a high of 7„5 percent of the total in 1940 to a low of 1.1 percent
in 1937. Beginning in I9'i2 its use has been negligible. Peri 11a and

tung oils were, until 1940, next I. linseed, in importance, but since
1941 the use of these oils has been negligible, Table 31 shows the
status in use of the various oils within the linoleum and oilcloth
industries for the 1955-44 period.

printing Inks

Seventeen million pounds (table 25) of vegetable oils were consumed by
the printing ink industry in 1935, 82.7 percent (table 32) of this was
•made up of linseed oil, 11.6 percent of tung oil, 4.6 oeroent of perilla
oil, and only 0,6 percent, or 100, QOOOocunds , of soybean oil. The
factory consumption of vegetable oils for the oroduction of printing
inks increased to almost 29 million pounds in 1941. Soybean oil consump-
tion for this purpose increased from 100,000 pounds to 300,000 pounds
or from a position representing 0.6 percent of the total used to one
representing 1.0 percent. In table 32 is shewn, for the 1935-41 period,
the proportionate consumption of the various oils in the production of
printing inks. For the period 1942-44 linseed oil was used almost
exclusively.
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Miscellaneous Products

Miscellaneous products, including cutting fluid, core oils, candles, lamp
oil, livestock fly-spray, rubber substitutes, sticker for lead arsenate
spray, waterproofing cement, etc., are a rather small, but growing,
outlet for vegetable oils. In 1935 approximately 87 million pounds or

228 percent of the factory consumption of vegetable oils fcr all purposes
went into these uses (table 25), In 1941, 130 million pounds were so
used, a quantity representing 4<,7 percent of the total of vegetable oils
(comparable data are not available for the period 1942--44). Palm,
linseed, and soybean oils a.re the largest individual contributors to

these uses. Since 1935 the use of soybean oil increased from a position
representing 2.0 percent to one representing 13 -.0 percent of the total
of vegetable oils used for these purposes. Table 33 shows the percentage
of total consumption of vegetable oil for miscellaneous uses contributed
by each of the vegetable oils so Uocd.

Table 33. - Percent of specified oils used in the manufacture of miscellaneous
producbs_V in relation to the total factory consumption of

vegetable oils, 1935-4ljy .

Oils : 1935 : 1936 : 1937 '. 1938 : 1939 : 1940 J 1941 :

• Percent percent Percent Percent Percent percent Percent

Palm : 19.7 23.3 28.7 24.1 26 o 7 26.3 24.3
Soybean

r 2.0 3.2 •2.6 6.4 • 8.4 13.4 13.0
Linseed

: 4,8 5.2 14.2 10.0 9 U 5 10.6 15.8
Rapeseed . 12.5 9„7 6 C 5 5.8 5.8 7.1 7.9

Coconut 4.0 3.7 5 e9 4.4 3.5 3.7 4.8
Corn : 4.4 3 e 8 3.4 4,0 1.4 1.7 1.6
Tung • 3.9 3 6 4.0 3 ,5 2.2 .6 .2

Perilla 4.5 6 e 8 ,9 ,5 1.1 .4' .2

Other 44.2 40o7 33.8 41.3 41 o 4 36.2 32.2

Total
j
100.0 100.0 100,0 100.0 100.0 100.0 100.0

1/ Includes cutting fluid, core oils, candles, lamp oil, livestock fly-
spray, rubber substitutes, etc.

2/ Because of the change in reporting of factory consumption which took
place in 1942, the data for miscellaneous products is not comparable
for 1942-43-44.

Source; Computed from Bur. of Census Reports.
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Soybean oil has been handicapped in some respects by the fact that it

falls about midway between the edible and the drying oils in many of its

properties. Like most naturally occurring materials, it is a mixture of *

chemical compounds having widely differing characteristics, and it has

been found possible to separate these compounds by recently developed
fractionation processes. Distillation of the free fatty acids has been

practiced on a modest scale for several years to achieve this objective,

and liquid-liquid extraction has more recently received attention.
Methods have been developed and will undoubtedly find extensive appli-
cation for separating soybean oil into two fractions, one being better
for drying purposes and the other far superior for food uses than the

original oil.

New Developments

Linoleic acid, which comprises 55 to 60 oercent of the acido in soybean
oil, is an extremely valuable starting material for the industrial manu-
facture of synthetic polymers because it readily combines with itself
to form long-chain dibasic aoids. These can be cher.icplly. altered in

many ways and subsequently polymerized to form a wide variety of resinous
materials having useful properties. The importance of linoleic acid in

polymerization processes has not been fully appreciated in the past, but
recent developments indicate a possible maior expansion in the use of
soybean oil as an industrial raw material

.

Two of the many new products developed from soybean oil by the ITorthern

Regional Research Laboratory are T . .-pol and Korelac . Tie former is an

elastic vu1canizable polymer, prepared from the fatty acids of the soybean
oil. It is a rubber substitute which car be used for some of the things
rubber is used for, or mixed with re»l rubber as an extender. It does not
have the stretch and strength of natural rubber but is satisfactory for
such uses as insulation, rubber heels, tubing, gaskets, and water-proof
coatings. During the early prm-t of IT 43, five commercial concerns were
producing this product at the rate of about 7 tons a month, but later
its production was reduced because of a world shortage in vegetable oils,

which forced the allocation of soybean oil chiefly to other uses

.

fTorelac is a thermoplastic material. It is useful as a heat-sealing, moisture
proofing, and laminating agent for the packaging of foods, chemicals, and
other materials.

' '.
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UTILIZATION OF PROTEIN FRACTION

Feed

The soybean oilmeal, or oilcake, which remains after beans are processed
for oil is a high-protein product which is used principally for feeding
purposes. It is highly nutritious and is relished by all kinds of live-
stock. Nutritional research in recent years has shown the need for main-
taining in mixed feeds a much higher protein level than had formerly
been thought necessary. These findings have resulted in a vigorous
educational program by many of the state agricultural experiment stations,
feed manufacturers, and other groups, and a marked trend toward greater
consumption of protein supplements has thereby been created. It is

generally claimed that even the protein level now used in the stock feeding
industries is considerably below the optimum, and a continuance of the
trend toward higher protein consumption therefore seems inevitable. The

supply of soybean oilmeal per crop year increased from 613,000 tons in
1935 to 3,200,000 tons in 1942.

Soybean oilmeal has been found equal or superior to othen"commonly 1 used •.

protein supplements for milk and butterfa't production -iV in the feeding
of hogs, a mixture of soybean oilmeal and bone meal has been found iust

as effective a protein supplement as the much-used linseed meal-tankage
combination .jjy As a part of poultry rations, the National Research
Council recommends as a war-time economy measure that soybean oilmeal be

substituted for dried milk. In feeding soybean oilmeal, as in feeding
most other protein supplements, it is important that an -adequate mineral

supplement be incorporated in the ration.

Food

The most important protein food product from soybeans is soy flour, the

production of which has been described in a previous section. It has many
uses, one of which is as a bleaching agent in bread. Apparently through
enzyme action, a very s.aall proportion of soy flour has been found effective

ll/ W. B. Nevens . Soybean Meal as a Feed for Dairy Cattle. University
of Illinois, College of Agriculture D 362 (1940).

12 W. E. Carroll. Soybean oilmeal, a Valuable Protein Supplement for Swine.

University of Illinois, College of Agriculture, AH 1012 (1940).



for whitening unbleached wheat flour by destruction of certain pigments.

In much higher proportions - up to 20 percent - it may be used as en

addition agent to wheat flour, since- it is a potent nutrient fortifying
agent.

According to LeClerc and Grewe_/ , soy flour, compared to patent wheat
flour, contains 15 times as much calcium, 7 times as much phosphorus, 10

times as much iron, 10 times as much thiamin, 9 times as much riboflavin,
and 5 times as much niacin. It is 4 to 5 times as rich in protein and 10

times as rich in total minerals. Full -fat soy flour contains approximately
20 percent fat and 40 percent protein; the expeller or medium-fat type
of flour contains about 7 percent fat and 43 percent protein

;
p.nd the sol-

vent extracted or 1 ow-f a t type has approximately 1 percent oil and 50 per-

cent protein. Starch is substantially absent in all types

.

The use of soy flour in bread has several dis.tinct advantages . It not
only greatly increases the protein content, but it also contributes cer-

tain proteins that are lacking in wheat flour, thereby furnishing a much
nor ; complete or balanced protein. certain percentage of soy flour has

also been found beneficial in the manufacturing of sweet gooc's, doughnuts,
cakes, and similar articles to improve their texture. Because of its high
protein and low carbohydrate content, soy flour is extensively used in the

preparation of foods for diabetics

.

In the field of meat extenders, cereal and vegetable flours have been used
for a considerable time, their functions being to increase the amount of

product and to retain certain nr'.ounts of the meat iuices that nre normally
lest during cocking. Soy flour and soy grits have more recently Proved
greatly superior in this application, for they fulfill the ordinary re-
quirements of a binding agent for meats, such as sausage, and also con-

tribute to the protein content of t> ? mixture. For such purposes they are
used in widely varying proportions, 10 to 1.5 percent of soy grits being a

common mixture.

During World War II, the need for protein*containing foods both in our
own diets and for lend-lease and rehabilitation use resulted, in extremely
large increases in the United States production of soy flour, amounting in

H44 to a production rate of nearly a bill ion and a half \£r. pounds. Many
of the soy flour producers are organized as the Soy Flour * ssocia tion

,

3813 Board of Trade Building, Chicago 4, Illinois. This group conducts
and sponsors educational and research work on edible sov products

.

15/ LeClerc ? j. y> . pnc] fjrGwe, Emily, "Soybread. A Bread Enriched with
Minerals and vitamins." Soybean Digest 3 (l), 8-9 '1942).

14/ Soya Vood Is Fere to Stay. Soybean Digest 4 ,'6), 19 '1944).
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Oil-free soybean flakes are used in the brewing industry. The protein
is also used to prepare foods such as "Tofu," or bean curd, which is

indispensable in the diets of many Orientals. Various spreads, soy
sauce, and similar specialties are also made from the protein fraction,
both in the U. S. and in the Orient.

Soy milk is manufa.ctu.red by grinding soybeans with water, separating
the pulp, and concentrating the resulting protein dispersion. It is for-
tified with fat, calcium, vitamins, etc., to produce an excellent substitui
for cow's milk. Production in the United States is small because of the
abundance of cows' milk; but in the Orient, where dairying is practically
non-existent, it is used quite extensively, particularly for infant
feeding.

Edible soybean varieties are available both fresh and canned and in dried
or green form. They provide a very palatable dish and are unique in
that, despite their physical resemblance to ordinary beans, they contain
a large amount of protein and fat and little or no starch. Soybean
sprouts are also used to some extent in various foods, and soybeans
that have been roasted and salted are marketed as a food tidbit.

The Division of Forage Crops and Diseases, Bureau of Plant Industry, Soils,

and .Agricultural Engineering, U. S. Department of Agriculture, has
compiled a list entitled "Firms Manufacturing or Handling Soybean Food
Products," which is available for distribution and which contains the

names of 73 companies and 36 different types of soy food -products.

Industrial

The industrial utilization of soybean meal and protein is probably still

in an early stage of development. Tbe use of soybean meal in plastic
molded articles has been over-publicized in some circles. Although no
statistics on the subject are available, it is known that the tonnage
thus consumed is practically negligible. Like casein, soybean protein
when condensed with formaldehyde, has its thermoplastic properties greatly
reduced. However, its water resistance is low, and it is therefore used
only in admixture with more moisture-resistant resins, principally of

the phenol -formaldehyde type. Only solvent extracted meal has been found

satisfactory, for any appreciable content of oil is forced out in the

molding operation, to the detriment of the finished article.

The use of either soybean protein or the oil-free meal in plastic molding
powders undoubtedly has considerable possibility, but their utility in

this field is handicapped by the present deficiency of knowledge about

certain chemical and physical aspects of the protein molecule. As now
used in molding powders, soybean meal contributes in some degree to the

plastic properties of the mixed resins, but its function is principally
that of a filler and extender for the more expensive resin with which
it is admixed.
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/ much more important industrial use for soybean meal is the commercial

production of a purified protein fraction which is used in the paper

coating and allied fields. Solvent extracted soybean flakes are leached

with water to dissolve the protein, which is subsequently purified and

precipitated from solution in relatively ^ure form, Paper sizes, a.d-

hesives, and various coatings are made from this product. An alkaline
dispersion of the protein can be forced through soineretfces "Co make
synthetic fibers, in a manner analogous to the manufacturing of rayoa.
However, the production of soybean fiber is still in the experimental
s ta ge

.

Glues for use in the plywood indus -

: j pre made from soybean meal. In

this application, the presence of a certain (mount of oil is not detri-
mental, and it is therefore possible to use exoeiier uyoe soybean oil-

meal. Definite figures are not available, but it is estimated that the
amount of soybean oilmeal thus used amounts to between 1/2 and 1 percent
of the total domestic production.

Soybean oilmeal and ground soybeans are used to some extant as fertilizer
for example, on tobacco land and kwns . Other industrial uses of the

protein are of minor importance, examples being binders for core sands

and spreaders for insect sprays.
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